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mf lements coming after another, it will 
a : . Proper Ws acquaint e 
that the Reaſon of appear „Vas 
becauſe we reſolved not 22 it Mit haut e x 4 
the Advantage of being revis'd hy Gentle- 
man of unqueſtionable Ability in every Part 7, 5 
9g this. Kind of Learning. ina for ' which 
Je hee en fome time, in oder to ren SS 
3575 ion more perfect and co 1 = | 

IE is 10 be bo I 1255 the Redder Will 

take Notice of the Difference of the Paper, 
and Print of our Edition; and geile 
= our Plates are of the ſame Size with the Ori- 
3 gal, and not contracted as thoſe of the other 
= Tranſlation. And it will bPeafil ly perceived of 
what conſiderable Advantage this is, becauſe 
ſeveral of the Machines for making Experi- 
ments, mention in this Work, are wy the 
Author's own Invention, and conſiſt of ſuch 
numerous and minute Parts, as not to be 
_ reaatly underſtood. 
N. B. The Numbers on the Margin of 
the Pages mark the Propoſitions refer 
red to | in the Body of the Book. 
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8 8 call; compare „ 
| Works of the -ſeycral 
Philoſophers who have' 
eat 'of P hyftcks, muſt readily - - 
own quire different Sciences are 
meant by that Title, tho they 
all pretend to give us rhewrne- 
Cauſe of the Phenomena of Na- 
ures}; Mor: is this ſtrange, enen 
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ceive us, can 2 preſerve. hes 

Deciſions indifpurable and above 

Controverly: 059 v9 : : 
| But: let us not be: richt we 

from the Search, for Truth, vy 

the Variety of Opinions. Truth 
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walran ardent: Love of. ruth! 
tho” he cannot” avoid afl Errors 


(for that is impoſſible to humane 
Nature) yet he wilt not fo caſily 
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Explains to us, ew cs lle 
Syſtem of Things is governed 


by theſe Laws; and how that 
Order, never to be enough ad- 
mired, is preſerved in the World 
by thoſe fame Laws 2 ra all 
Things arc eee rc; 


25 ccd 1 


- Breface. 
careful not to 
admit ition for Truth: By 
ſuch à falſe Steg we'ſhur up the 
Door. againlt : all future Exam 
nation. PN o true Ex 3 15 
the Appearances of Nature can 
1 * deduced © from 4 falſe Prill. 
1 ele How vaſt” 4 Difference 
3 is thete betucen learning the Fic- 
tion - Of a humane Wit, and conſi- 
deting the Work of. thi moff Wi 
| Mit And ſince tHe” Inveſtic - 
tion of Search. of N Divine“ 1 
| domi accpmpanied ways with 


the greateſt Veneration- Eto 


ro be the. Scope and Deſi 
the Naturals . it 1 18 need {os he 
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- | offer further Arguments, tfiat we 
al oughr nor to feaſon from ima- 
t ine Hypotheſes on this'Octa- 
[i lion. A.“ 111 1 \ 


Nuatute, redhat" berſelf is 
to to be, at firſt ſertin Hut, ex- 
amin d with e Pains , 
. with all Poffible Angntgn 
i 718 1 _ of 
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"of Kind -- Byt this Means we go 
On but ſlowly, np all, the Di 
Coveries we mak are certain, and 
ſomctimes ſuch As : exceed tlie 
Conception of Mortals. The 2 
Occaſion of the Errors. of :moſt 
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Men, is, that immoderate De- 5 
fre. ,of Knowledge. and The 1 
Sham 1 3 confeſling their Ig- 2 
norance, very... "* acquir d by | 
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Study:: ele certainly, if I may 
12 Argive en 5, Jingle of the 
-learnec Ignorance 
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mands proper l 
alſo that our very Ideas, Ab 


are the Object. of our Reaſon- 
ing, be agrecable to f them: 
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Phy 192 belong to mixt Ma- 


ö e the Properties Gf 


Body, and the Laws of Nature, 
are the Foundation of all Ma- 
thematical Inquiries « or Reaſon- 
ing, as every one knows, who 


hath ar all conſider d the Seo 

of this Science. But what is to 

eſteem da Law. of Nature, and 
in that Method we muſt pro- 
ceed to. diſcover ; theſe Laws of 

Nature, is a Matter of Contro- 

verſy among the Philoſophers. 


I have; therefore thought it ne- 
ceſſary to maintain Sir Iſaac 


ſing, which 1 | have followed in 


this Work ; and' which I ſhall 
Go 5 down in the firſt 


Chap . BE „ 
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x5 1 5g Hicks we do not t creat of |! 
ft Formation f This.” Ie | 
Vagreeable to Reaſon, f 
BR 5 Törld was made by 
GO D as the Holy Scripture ac 
Hain tis „but nd One 170 2 
Moment 2 Time _ u 

Nirare, wirhout ſccing evi en 
Mirks of the Sip rede Mind, To 
Alert that the World may have 
its Original from ſome general 
Taws 5 1 and that it is of | 
o Manner of We Whatever 
Stats we tray * ro poted: con- 
*cerhin Ng. the 10 50 of the fitſt 
Ma ater, Aud that ſcarcc any 
ching can, be ſuppbſed from 
WII "te fame Effect may not 

be produced'b V. che fanie Laws G 

PT. An that, for this Rea- 
fon, becauſe by the help öf thote 
Laws Natter may ſuccefl Vel af 
ſum all thoſe Forms which it is 
capable of. And if we confider 
all thoſe Forms, in order, we thall 
3 at 
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learned Men. And upon whic 


on, though fo contrary to 


Te Hyefubb. 


at length arrive to that of this 


World: ſo that there is nO Oc- 
caſion to fear any Error here, 
from. the laying down, of a falke 
Sup en., 1. a1 Oe 

To aſſert rheſe Propoſitions, I 
ſay, is, in effect, ro overthrow 
our cleareſt Notions, as is abun- 
dantly proved by a great many 
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Matter to offer any Argument 


will ſeem entirely uſeleſs, to one 


who is ignorant that this Opini- 

hough de ber 
ſon, and diſhonourable to the 
Divine Being, hath notwithſtand- 
ing been laid before the World by 
ſeveral Antient and Modern Phi- 


2 lofophers, and they too, tree from 
che leaſt Imputation of 'Arheiſm. 
Taking it for granted chen, 
that all Things were created by 
GOD, we tuft endeavour to 


govern'd : 


The Preface; 


govern d: And to inſtance only 


the Moon, we maſt i inquire; 


ua cauſa argentea Phæbe 
= 2 haud aquis eat, _- cur 
ubadlita nulli 
2 acfenus A ſfcronomo nunerorum 
frena recuſet; 
Cur remeant nod, cur” 1 25 2 
rediantur. OR 
—= quantis refluum vaga Ou. 
T tghia Pontum 
7 iribus impellat; feſſ 4 s dum 2 
fibus ulvam 
Deferit, ac nautis J. petra nudat 
n 
eAlterniſcve ruens fm lic 
tora pulſat. | 


hut in ſceking out the Laws 
of Nature, we muſt enter deeper. 

And firſt, we muſt own the 
Nature of Subſtances is unknown 
to us. Some Properties of Mat- 


ter we know indeed, but are in- 
tirely ignorant in what 1 | A 
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The Prefabb. 
they inhere. Who dare aſſert 
whether or no many other Pro- 
perties may not be given to Bo- 
ch, of which we have no Idea? 
Or who hath been able to diſco- 
ver, whether beſides thoſe: Pro- 
perties of Body, which flow from 
tlie Eſſence of Matter, others may 
not be given it, depending on the 
free Power of GOD ? And that 
Subſtance extended, and ſolid, 
(for this we call Body) may be 
dignified with ſome Properties 
not neceſſary to its meer Exiſtence. 
Concerning Points unknown, I 
3 -confels, we can neither affirm nor 
deny. Bur they do not obſerve 
this Rule who reaſon in Phy ſicks, 
3 as if they had a thorough Know- 
l ledge of every thing that related 
to Body, and readily affirm, that 
the few known Properties of Bo- 
a4y do conſtitute Body itſelf. 
And yet I vould deſire they 
would explain what they * 


The Preface. 
by that Expreſſion, chat che Pro- 
perties of Subſtance conſtitute 

the Subſtance : Can they which 
are incapable of ſubſiſting ſepa- 
rarely; When join-d: together, ſub- 
ſiſt . Can theſe Properties: , 
pacity of Motion, be conceived 
without any Proper dubject vhexe- 
in they may inherc ?, And further, 
have we any Notion of this Sub- 
ject? Me mariſt leave as uncertain 
what is lo,; nor be aſnamed to 
confeſs our Iznorance:; Nor yet 
muſt we be afraid of affirming 
too muchiconcerning Har is - 
known; when u e aſſert that 2 Suh- 
ject, which is confeſſed wnknouys 
to as, may perhaps be endowed 
with ſome unknown: Properties. 


Bur they avho, hy Vierrue of this 

reaſon about annuoꝛum Things, al- 
ſume for the Foundation of all 
[their Reaſoning, that; Body hath 
Id no 
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Dyer Pye fads. 
no unknown Property, cannot 
poſſibly avoid Error but by meer 


1 Accident. ii ETON O45 
Z The Properties of Body cannot 
be diſcovered , priore. Body 
itſelf is therefore to be 83 
and its Properties exactly conſi. 
der d, that we may be able to 
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— wag 


determine what muſt follow from 
theſe Properties in the Fhæno- 
mena ob Thng Ss. 
pon a further Examination 
of Body we find there are ſome 
general Laws, according to which 
Bodies are moved: That Body 
once put in Motion will continue 
in Motion. That Adio and 
Rraction are always contrary. and 
equal. to each other. And abun- 
dance of other Laus of this ſort 
are diſcovered concerning Body ; 
MNNg aß 
which can in no wiſe be Janet 
from the Properties, which are 
{aid: to conſtitute Body tlef 2 
And in as much as theſe, Laws 
F are 


he Preface, | 
are always, and on all Occaſions; 
of Force, and all Bodies are ſub:. 
ject to them, they may be ef. 
teemed general Laws of Nature. 
With relation to theſe we are in 
the dark, whether they flow from 
the Eſſence of Matter, or are to 
be deduced from thoſe Properties 
which God hath given thoſe Bo? 
dies which conſtitute this World. 
but are by no means eſſential 
ro Body. And laſtly, whether 
Effects, which are - accounted 
Laws of Nature, do not depend | 
upon Cauſes foreign to us, and 
not to be apprehended by us, 
even in Idea. n 
What Mortal can, without in- 
curring 2a deſerved Cenſure of 
Raſhneſs, venture to aſſert in this 
Caſe, concerning all, or any of 
the Laws of Nature? 'Whoever * 
hath 'examin'd the Phanomena of 
Nature will be fully convinced, 
that a great many Laws are not 
5 diſco- 


oÞ 

e 

#5200 "A 

+ 1 
2 


The Preface. 
diſcover d; and that tiere are 
abundance of Deſiderata, rela- 
ting to ſeveral which are known. 
Let che Study of Natural Phi- 
loſophy is not to be neglected, 
as being built on an unknown 
Foundation. Humane Mind's 
Capacity of Knowledge is con- 
fined within very narrow Bounds, 
and he that will not give his Aſ- 


ſent to any thing but clear Evi- 


| dence, will every Moment of his 


Life be in doubt, and will eſ- 
teem ſeveral things unknown, con- 
cerning which the Generality of 
Mankind believe we ought not 
to doubt one Moment. It is 
the Perfection of an intelligent 
Mind, and above the Ability of an 


Inhabitant of the Earth, to ſeparate 
accurately the known from un- 
known things. If there are ma- 


oy things in Phyſicks unknown 
co us, thoſe which are deliver'd 
in this Science are certain; innu- 

 merable 
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merable extraordinary henomen 
are explain d from a fe 69) Cl val 
Principles, and the, one deduced 


* 1 


from the other by. Machemati- 
cal, Demonſtration. - The whole 
treats of comparing {Morions ; 5 
that is, Quantities together; in 
making which Compariſons,” be 
that doch not procecd by Mathe 
matical Demonſtrations in his 
Real Opis $5. *, he is 'fo happy as 
nar, to fall into Errors, mult yer 
make very uncertain Conchy- 
fions,... 1 N 
Notwirhſta KI g . therefore, 
wharcycr. unknown ching by Phy- 
icks may_conain, yet is this a 
jets af Aon 7 and nat 
certain Science. Ix corrects in 
numcrahle falſe, N otions on. 
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atüural Things, and the 


Son a th ve 
ent lay before | out 9 5 15 
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7 1e Ff = 
1 Difference between apprehending 
the wer and Wiſdom of the 
3 Supreme Being, by ſome meta- 
4 Ft ſical-Argument;'and contetn- 
2 plating thoſe gloxious Attributes 
= — 9 in their Effects. 
I have ſufficiently thewed whar 
is rhe; Scope of Phyſicks, and 
from whar Laws of Nature Phæ- 
nomen are to be deduced; and 
= why, we cannot proceed any fat- 
ther in-our: Inquiries into Cauſes 
after we have diſcovered the ge- 
neral- Laws. It remains that we 
ſnould treat concerningthe ſearch- 
ing out theſe Latos, and prove 
that we ought to follow the 
three Rules of. Sir Waat Newton, 
which L have laid down in the 
2 ft Chapter of chis Work.” >" 
Thee firſt is, that we olghe not 
0 admit any more Cafes" '6f 
FF 
kcal, and are fuffleiettt co Cpfain 
chen Phammena, The firſt Part 
= a 8 
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of this Propoſition follows plaitt- 
ly. from what IJ have ſaid before; 
and the ſecond cannot be denied 
by any who confeſſes à wiſe 
. Creator 4 Nature. If one Cauſe 
18. lufficient, tis uſeleſs to add 
another: And beſides, an Effect | 


N a * ̃ 
Cauſe will not ſuffice to explain 
Ant Effect, boch a are to be joined. 


MF converſant about Ideas only, 
and when we treat of -ehings them- 
50G, it 18 chiefly, necellary” that Le. 


en tration But ſince , do on I 


The: Pre fate. 


trom-a rwofold Cauſc is Perfect. 7 


aple; . pur orig one 


18 order 40 prove ha two t 


8 Rules, we muſt pre- t! 
miſe ſome general Obſervations. a 


We have already taken Notice, b 
chat Mathematical He monſtrations li 


tu 


ur Ideas agzeerwithe the. Things . 
————— pio- | 


ed by any Mathematieal D | 


0 The \ "Preface. 
all Occaſions reaſon concernin 
Things themſelves, and there 5 
4 nothing in the Mind but the 
Ideas of Things, and all our 
Keaſonings do immediately re- 
ſpect our Ideas, it follows, that 
there ate ſome certain Rules ap- 
pointed by God, by which we 
t may be able to make a Judg- 
ment of the . e of our 
Ideas with T hings. 7 5 
All Mathematical Reaſoning 
regards the Compariſon of Quan- 
> tities; and here it is neceſſury 
chat the contrary ſnould involve 
2 Contradiction. It is inipoſſi- 
„ble that there ſhould be a recti- 
1 _ Triangle whoſe threc 
Angles ſhould not be equal to 
two fight ones. · When che Sub. 
4 jects not concerning the Con- 
bpariſon of Quantiwies the con- 
„ trary re Portio. is not always) 
ſimpoſſſdle. loris cetraing that 
n L Pete its, chongli ir be an un- 
1 a2 doubted 


The Nas fact. I 
loubted Truth, that he might 
av e died A eſterday; and far- 3 
ther, ſmce we! may, on innumeo- 
table Ocdaſions, with" equal Cær- 
tant affum or deny, in the 
like: Caſe, ir follows! that there A 
are: moſt certain Reaſonings,tho' |? 
inrircly.'diftetcnt, from the Ma- 
— e Reaſonings. And 4 
theſe Truths follow plainly from 
the very — Or Make 
of: Abüings, fand. chez E Pteſumed 
Bur to ratuin 10 Ply 2 How E 
wel muſt pidge: of the Agreement | 
of 'Fhings-wwth our ſenſible Ideas. 
For ENmple, the Extenſion and 
Soliclity of Matter, which we af. 
firml upon this Foundation, are 
certain beyonch all Controverſy. 9 5 
We:do not here inquire whether | 
the->Scnics may-not/on ſome Oe 
caftons deceive us; and; how that 1 
Eur HV be remedie daten 5 . 
cantider theꝛthingcim g gene. 1 
banduob <8 In 5 


Lhe: Prejare. 
Ml a; Phyſicks WS cannot make a 
1 Juc gment immediately, or direct- 
ly concerning) all our Henſes. But 
Rn 18 another; proper way of 
Reaſonin 72 ho; not Mathemgti- 
cal, founded on this, Axiom: That 
is to be accounted. xrue, which if 


it be nar; üer Humane 89 
ciety could not ſubfiſt, or the M- 
thod of. Mens Living would he 
deſtroyed. From which Propo- 
ficion,, which no one can make 
any doubt of, the 15 and third 
. — 1 Of. d Philoſop Ni- 


Ling are 1905 cvi. lenny — 
For unless we account thoſe 
Pines 85 n Which 
5 uten ebe 5 —.— 


vin an, IVC, one Mem 
of. Tins — ale, 21010 8 = 14 
' 510 


_ ik e oc 
95 it, e dit che 


| lowing 3 We to be in- 
2 dubirable ; : 


1 ? y 4 
4 ; no 
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dubitable ; and ſees evide tly that 
the Concluſions from them can- 


not be called into Queſtion, with- - 


out ſuppoſing the Deſtruction of 
the preſent Frame and Conſtitu- 
tion of Things: 

A Building, to-day perfect! 
firm in all its Parts, will not fall 


down to-morrow of its own - 
accord; that is, the Cohæſion 
of the Parts of Bodies, and their 


Gravity, which J never ſaw, nor 
heard of, a chang'd, without the 
Intervention of ſome external 
Cauſe, will not be changed this 
Night; for there will be the ſame 
Catiſe of the. Coheſion and Gra- 
vity to-morrow as to-day. ' The 
Cettainty of which Reaſoning 


can only be deduced from the 


/ 


above mentioned Principle, as it 


Is plain to every Body? 


The Bricks and Stones which 
ate proper to build an Edifice in 


» 


any one Country, ( ſuppoſing No 


Change be made in them by any 


external 
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9 ent Cauſe) if they hi broughr 
here, will be uſeful tor the ſame 
Purpoſes. And I ſhall be no 
more apprehenſive of their fal- 
ling in Ruines, than the Inhabi- 
tants in the firſt mentioned Coun- 
try would be, if they had built 
2 FHouſe of them without tran- 
| 7 ſporting” the Bricks and Stones 
| Þ from the firſt Place; that is, that 
Force by which Bodies cohere, ; 
rand that by which they arc heavy, 
- E doth not ditfor' in Gifforene Coun- 
] | 
5 

c 


; tries. SPS. 
I have WAY ſack: fou'y ach 
5 Food for ſcveral Years, I will al- 
- Bo take it TRE without ay 
c Fear. 5 
p When 1 * Heinlock Jenn 
c 8 clude there is Poiſon in it, — | 
ir I have made myſelf no Expe 
ment about the Hemlock, 4 ch 
b 2 ce. 500 
n All hee Aenne are bound 
0 ” Jed upon — And it is not 
9 a 4 to 
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The Prefab. 


readily do in anorher. For who 


can conceive that things, which | 
are proved after the ſame manner, 
are not equally certain? Add to 


this, that it is indeed deduced in 


general from Neceſſity, that this is 


2 proper Method of Reaſoning, 
but particular Reaſonings do not 


to be doubted but we are put 
under the Neceſſity of Reaſoning 
by Analogy, by the Creator of 
all Things. This therefore is a 
proper Foundation of Reaſoning. 
This being once eſtabliſhed, we A 
may alſo uſe that Method of Rea- 
ſoning in ſuch things as we are not 
obliged by any abſolute Neceſſit 
to reaſon upon. We ought not 
to deny giving our Aſſent to an 
Argument in one Caſe which we 
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conelude by Analog) that 
Food is not poiſonous, is this 
Argument of Force nh, when 
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Ui Preface. 
The Laus of Nature then are 
to be diſcovered in Phyſicks by 
the Phenomena : And by Induc- 
tion, they are to be acconnted 
for general. As for the reſt, we 
mutt reaſon Mathe cmatically. He 
WHO ſeriouſly conſiders on what 
Foundation this Method of treat- 
ing of Phyficks depends, will ea- 
ſily find this is . only proper 
one, and that all ann are 
to be rejected. r. 21 
Thus much a che Method of | 


Philoſo phizing; it remains to ſay 


— of the Work (elf; 
the firſt Wohne which! Is here 
publiſhed. Webs 

The whole Work 1s: Mental 
imo four Parts. The firſt treats 


of Body in general, and of the 


— of ſolid Bodies. The 
ſecond treats of Fluids. What 
relates to Light ſhall be thei Sub- 
Eu of rhe third. The Motions 
of the Carleſtial Bodies, and ſuch 

Things 


The: Peefaik 7 
Things on Earth as have any rela. 1 1 
tion to them, ſhall: be — 4 
in the fourth. The two firſt Books. 
are contain'd in this Volume. 

In order to render the duc 
of Phyſicks caſy and pleaſant, I 
| . t it proper to clcar all by 

Experiments, and by that Me. 
thod make even Mathematical 
Concluſions the ba of our 
very Eyes. 5 

He who writes the * 
of Science, promiſes: the learned 
World nothing new with regard 
to the Matter; and therefore I 
thought it unneceſſary to take any 
Notice where thoſe t ings I deli- 
ver here may be found. I rook 
as my own whatever was pr 
and fir for my Purpoſe. And 
thought this — | 
ſufficient to ſcreen me from the 

Imputation of a Plagiary. Thad 

' rather loſe the Glory as: ſomęe 
new Experiments, which are ſcat· 
ter d up and down in this Work, 
if 
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The Prefacb. | 
if I may preſume to hope for 


ny, chan rob any one of his 
Reputation. Let every one there- 


fore take what he thinks his own, 
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As ito! the Inſtruments, with 


which the Experiments are made, 
I have taken care to imitate ſe- 


veral of other Authors; many of 
them I have altered and made 
more perfect, and have added a 
great many new ones. Nor is 


| ic ſurprizing that I ſhould be ne- 
ceſſitated to this, when I have 


reduced a great many Things to 


Experiment, in which no one 


betore me ever attempted. any 


ching like it. The Marhemari- 


cians think Experiments needleſs 


in things which are proved Ma- 


thematically. But we were fully 
perluaded, that Mathematical 
Demonſtrations, which are always 
abſtract, are render d more caty, - 
it the Concluſions are, by Expe- 
riments, ſhew'd and laid before 
our very Eyes. In this we have imi- 
tated 
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 vanMuſſchenbraeck;the moſt inge- 


Tie. Phefinhd 


tated the Engliſh, wholc Mcthod | 
of teaching natural Alec q 
ave us an — to think of 1 
this Method which we have taken 
in the following Work. We ſhall 
always ambitiouſly follow their 
Steps who have been the firſt that 
enter d on the way of diſcovering 
Truth in Matters of Philoſophy; 
under the Conduct of the Prince 1 
of Philoſopher ss. l 
I ſhall juſt hint farther concern- 
ing the Inſtruments that they were 
moſt of them male: by Mr. John 


nious Artiſt in this City, and no 
unskilful Philoſopher, and who is 
thoro ly acquainted with all the 


Experiments which are explain d 
here. I thought I ſhould not do 


an unacceptable thing to a great 
many, by taking this Notice, who 
perhaps might — to have 
ſome of the Inſtruments mention- 
edere, n n- for e 
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4 Caiga the Deſign of Phy | 

cls, and the Rules of Ta ; 

|  ſophizang. 1 

„ Hyſicks treat of Natural Things; 

er and their Phznomena. 
VDserxtriox iſt and 2d. 


EE Aral T hings are all Bo- 
dies; and the whole of them is call'd the 
Uni: verſe, 

B Dr- 
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5 Mat nn ical Elemens- 


Ba Din 1110 3. 
The arti Phznomena, FY a 4 
555 and ll ite Mibtions of "ndtfirdl Bo- 


Mus. 


dies, which do not immediately Gor I 
the Action of un intelligent. Being, and a 
Which "eve cun obſerve by our-Senſes. 3 a 
We do not exclude out of the Num- q Ft 
ber of natural Phxnomgna thoſe Motions c 
which are yoluntiry in ur Bodies; for 
they ate produc'd by the Motion bf ite 
Muſcles, and their- Action again depends 7 FC 
on another Motion. In theſe, that Mo- 5. 
tion only Which ariſes from "the" imme- 8 7 
diate Action of the Mind; and is alto- 
"gether unknown to us, is no natural tt 
Phænomenon. en 


All theſe Motions are performd ac- 15 
cording to cettain Rules, and are always NV 
bound by the ſame Laws. ar 
__ The Sun riſes and ſets every Day; 3 and 1. 
the time of his Riſi ng and Setting is al, 
ways determin'd, according to the Time] * 
of the Year, - and the Place. Plants off . | Ol 
the ſame Species, the ſame Circum- th 
ſtances being ſuppos d, are produc'd. and ne 
increas'd after the ſame Manner; and 0% 
of the reſt: And, without all doubt, cer 
tain Rules are oblerv d in all thoſe Thing N 

which em to us entirely forcuitous and 
uncertain. - re = Fees pl. 


„ 


of. Phyſicks. Book I. Ghap. I. 


Phyjicks explain the vatural hanomena, 


that is, erplain to us their Cauſes: 


In our Inquiry into theſe Cauſes, we 


muſt examine Body itſelf in general ; and 


Z afterward, by what Rules the Creator of 
all Things hath pleas d all Motions 
ſhould be perform d. Theſe Rules are 
call d Laws of Nature. 


DIN AT ION 4. 
A Law of Nature then 15 mY Rule; 


according to which, God hath been plead 
o- particular Motions ſhould be always, that 
, an all Occaſions, produc d. 


Every Law depends i ediately on 


the Will of God. With teſpect to us, 


I every Effect is a Law, of Nature, which 

is produc'd on all Occaſions in the ſame 
Manner, whoſe Cauſe is u 
and which we ſee. e 
| Law of Nature we know of. 


e to us; 


It differs nothing with, reſpect t. to us; 


whether a Thing depend. .immediately 
Jon the Will of God, or be produc'd by 
the Mediation of a Cauſe which we have 
no Idea of. 


The Laws of Nature cannot be diſ- 
cover d but by tryal of the Phznomena of 
Nature. 

Other Phænomena's ought to be ex- 


and by; che help of Laws fo diſco- 


I verd: 


B 2 In 


3 


3s 


In our Fire out the Laws of Na: 4 
ture, the I Newtonian Rules are ll « 
to be obſery'd.. 3 


Avr 1. 


8 
# 


Nom more Cauſe of natural Things ne” by 
to be admitted, than are true, and ſufficien 
to explain their Phenomena. - 4 
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© Qualiie es af Bodies, dd are not WP! 

ble of being more ' intenſe or remiſs, and 

which agree with all Bodies where we can 

make am 75 erinient, are to be accounted 

Lyalittes of a Bodies. | 8 wren 
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CA. u. FED 
| of Body i in canal. 

"| HA T offers itſelf firſt in Body 


to our Conlideration 155 Erxten- 


4 2 . 
Every one: 75 1 —_ 8 is; 
che Idea of it is almoſt. always conver- 
d ſant with the Mind, and is the moſt ſim- 
ple, yet cannot be deſcrib diby any Words. 
All Body is extended; When the Ex- 
tenſian A a Body is taken away, the 
Whole Body is taken away. 
dal Yet every thing that is VILLE is 
Minot Body: But it is impoſſible to deter- 
mine wherein Body differs from meer 
ed Space, unleſs we firſt take away the 
Wother Properties of Body. 
| Solidity comes in the ſecond place un- 
der our Conſideration, in examining Bo- 
dy. Body, which is incapable of e quit- 
ting its Place, excludes every other Bo- 
dy out of the Place it occupies; and the 
moſt fluid Bodies, as well as the hardeſt, 
enjoy that Property. 
J. Diviſipility is the third Property of 
Body; and for the Reaſan that it is ex- 
tended, it is alſo diviſible: For an Ex- 
beaſon may always be conceiy d leſs than 
B 3 another; 3 


* 
I 


Parts in all Extenſion; which Parts in a 7 


| becauſe Body is endow'd with a fourth 1 


Force is requir'd to move a Body with a 


to move a greater Body than a leſs, if 8 


Bodies; becauſe it equally agrees with ; 


N Men bemati * Ads \ 


anather ; from whence we ſee there are 
Body may be ſeparated from each other, 


Property, that it may be remov'd from 
one Place to another; whence” Body is 8 
term d moveable. I 

Body yields to the leaſt Stroke wen 
there is nothing obſtructs it; yet 2/greater | - 


greater Velocity, than with a leſs; and 


the Velocity be equal. A greater Force 7 
is 'alfo requit'd' in the ſame Caſes to ſtop 
a Body when it is in Motion; therefore, 
a Body at Rel? reſiſts Motion; and: 4 Bo- 10 
dy in Motion, Reſt; | That ariſes from f 
the Inertid of Matter, which is propor- te 
tionable to the Quantity of Matter in all] d 


all the Particles'of Matter. 4 

All Body is endow'd with figure; UF 
whence Figurability is vulgarly reckt 0 
among the eſſential Properties of Mat- 
ter, Which yet ſeems rather to flow from 
the other Properties. IRR 0 

If a Body be cut on every fi gez 2nd the 
Pats taken away, that which remains iu 
the middle is terminated by every Part, and 
neceſſarily endu d with Figure. The fame 
Body may put on various Figures, becauſe | 
jt may! be divided1 ito pon Ae inf 12. wy ä 
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5 of Extenſh on, Solidity and Va 4 


of hf, Bock l. Chap. II 


+ pos d in a different Order, with relpect to 
1 one another, by e e doth not in- 


at there may be 


"CRAP HE 
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cuum. 0 


x Fa 7 K are now to con 1 FA famous 
Schopl Queſt 10 125 -erning aVaq d- 


1 cuum. Namely, whether there is Exten- 
I ſion deſtitute of all. Matter; tor | this Ex- 

tenſion is call'd Vacuum, Trane or meey 
| Space, 11 


„A. Vacuum wi. be roy'd d by certain 
Phænomena; and 1 ore W ſhall make 


an Experiment concerning Fs Propoſt- 
tion hereafter. 


We may prove, from the ſole e Exami- 
nation of our own Ideas, the offibility 
of a Vacyum. For whatever, We can con- 
ceive clearly may exiſt, 18 poſſible. "Wide 
hen the; Queſt! ion is, whether we 


[7 | hae oY es of. Extenſion | without, Sol 


r 


e get 7 — Idea of 8 idity by the 


e feel ſome Bo fes reſiſt us; 


ll | indeed, thoſe do continually reſiſt 


B 4 - 


8 © Mathematical Elements 
us, which hinder our Deſcent” to lower 
Places. ah, exc Reſiſtance it is plain, 


that a Bo. ly excludes every other Body 
from that Place it occupies itſelf ; that 
is, that Body is ſolid. Which Idea of 
Solidity we apply to more ſubtle Bodies, 
which, by reaſon of their Tenuity, do 
not come under the Notice of our Senſes. 
And it is manifeſt from Experiment, that 
even theſe reſiſt other Bodies, as well as 
the hardeſt. M 
EXPERIMENT. FF 
The Air in which we generally live, | 
is too ſubtle to be ſeen or touch'd by us; 


yet in a Pump exactly clos'd up, it reſiſts e 
the Piſton, inſomuch that it cannot by 0 
any Force be thruſt to the bottom of the 
Pump. . a : l WS 1 1 * 11 + 
The Idea of Solidity is not included t 
in the Idea of Extenſion; the firſt we 5 
get only by Touch, but the latter with- * 
out it: And if any one had never touch d 0 
a Body, Solidity would be entirely un- ; 
TJ LOS Is 
Let any one look upon the Image be- i 
_ tween the Concave Glaſs and the Object | 
repreſented; ſuch an Image doth not re 
fiſt, yet it ſeems to be à Body equall « 
denſe with that it repreſents; for the MW | 
Colours may be reprelented more vivid WM 
in the Image, than thoſe of the Object 
itſelf. If a' Man had never ſeen any a 


thing but ſuch like Images, and his own | 
c „ : 5 NP B ody * 
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Privation of Solidity is not the only 
difference between Space and Body. 


o Thy/icks. Book I. Chap. III. 
3 Body were like ſuch an Image, would 
be have any Idea of Solidity ? It is not 


probable; yet he would certainly have 


an Idea of Extenſion. 


We do not pretend to ſhew here what 


ſuch an Image is, we are ſpeaking of 
ldeas; tis enough for the preſent pur- 
poſe, that there is ſuch an Image. 


3 


Space is infinite, and cannot be termi- 
nated by any Limits, as will appear clear- 
ly to him that conſiders it attentively. 


We ſee clearly. that there are Parts in 


Space, but they cannot be ſeparated from 
each other; they are immoveable, as is 
alſo Space itſelf. 5 

The Idea of Space is the moſt ſimple, 
that of Body is compound. The latter 
may be mov, its Parts are capable of 
Separation; and what is moſt eaſily con- 
ceiv'd, it is finite. 


— 


Solidity is call'd by ſome Impenetrabi- 


lity; and they ende:vour to deduce it 


from the Nature of Extenſion : As for 
Example, a cubick Foot of Extenſion 
cannot be added to another cubick Foot 


of Extenſion, without making two cu- 


bick Feet. For each hath ever y Thing 


"requiſite to conſtitute that Magnitude ; 


therefore one Part of Space excludes all 


others, and cannot admit them. 


M Anfwo. 


— 


0 


1} Aetherationt er *« 


- dpſw, This is true upon deen 
becauſe: the. Parts of Space are -immover: 
able; but wiould be falſe, unleſs it were 


à Contradiction, that one Pant of Space 


eould be temoy'd; to another Place: Aud 


the Truth, of thoſe Aſſertions. ariſes from 
the Immoveableneſs of the Parts of Space, 


g ad! not nkapanetsabdlitz ar eg 
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C HAP. IV. d en 


Of the Divife bility of. FT in | 
: 5 tum, and the ry Y 
its Parts. pa } 


1 PON the Account, that hody is is ex- 
tended, it is alſo qiyiſihle; that 
is, its. Part may be conſider d to have 


Parts. 


. 


But the Diviſibility of, Body differs | 
GR the Divyiſibility ob Extenſion. The 
Parts of the former may be ſeparated 


from each other. But ſince this Property 


depends upon Extenſion, it ought to | 
conſider d in tzeating ot, Extenſion ; — 
What is demonſtrated, way aprwards 
be eaſily 2pply d to Pod, 
Body is diviſible in lahnitum, 7 that i * 
no one Part can be conceiy d in its Ex- 
tenſion ſo ſmall, but there 1 is ſtill a leſs. 


Let 
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acubar- to B. F, and GH at a ſmall, diſ- 
tance from A, perpendicular. alſo to B F. 
Net Circles de deſcribd with the Cen- 
ers C, C, C, G65. and Radiuss CA, 
(CA, Ge. Which cut the Line G H in 
the Points e, e; the longer the Radius 
AC is, ſo much the leſs the Part 


* infinitum, and therefore the Part 


ve ieſſen'd ſo too, and yet can never be 
reduc'd to nothing; becauſe 2 Circle can 


never concide with the right Line BF. 
Ihe Parts, therefore, of Magnitude 

may be leſſen' d in inſinitum, and there is 

no end of the Diviſion. 

ue fame alſo may be prov'd by i in- 

= numerable other Mathematical Demon- 

_ trations.  - 

The N Objections are, that an 

"TY Infinite cannot be. contain'd in a Finite: 


That it follows from a Diviſibility in infi- 


nitum, all Bodies are equal; or that one 
WT Infinite is greater than another Infinite. 
But theſe are eaſily anſwer' d: The 
Properties of finite and determinate 


| EE Quantity are attributed to infinite. Who 


ever /prov'd, there cannot be an infinite 
Number of infinitely ſmall Parts in a 


faite Quantity; or, that all Infinites are 


equal the contrary is prov'd on innume- 
15 Faple Occaſions 7 the Mathematicians. 
"my mb There 


Nec is: The Radius may be drawn 9 


EIL 


Let: the Line A D, be draun perpen- 2 


19. 


* 


20. 


21. 


22. 


231 


Mathematical Elements 
There are alſo other Objections, which 


ſu ppoſe there is an actual Diviſion of a- 


Body into Parts, infinite in Number, 
and ſeparate from each other. We do 
neither conceive nor defend ſuch a Divi- 
fion ; yet have demonſtrated a Body, 


however ſmall, may be ſtill divided; and 


this, we think, is juſtly term'd Diviſion 
infinitum ; for what Lath no Bounds, 
call'd fofnite: : | 


There are no Parts infinitely ſmall; you 
fuch 3 is the Subtilty of Particles in a great 


many Bodies, as to exceed vaſtly our 
Apprehenſion; and there are innumerable 
Inſtances of ſuch Particles ſeparate from 
each other. 

Mr. Boyle proves this by ſeveral Argu- 
ments, - 

He mentions a Silk Thread, three hw: 
dred Engliſb Ells long, which weigh'd 
but two Grains and a half, 

He meaſur'd, and weigh'd fone leaf 


Gold, and found fifty ſquare Inches 


weigh 'd but one Grain; and if the Length 
of one Inch be divided into 200 Parts, every 
one of them may be diftinguiſh'd by 
the Eye; therefore, there are 40000 viſible 
Parts in an Inch ſquare; and in one Grain 


of Gold, two Millions: All which vilt- 


ble Parts, every one muſt own, may be 

ſtill divided. 
A whole Ounce of Silver may be oild- 
ed with eight Grains of Gold, which then 
may 
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In odoriferous Bodies, we perceive a 
ſtill greater Subtilty of Parts, and ſeparate 


W from each other; ſeveral of them loſe al- 


moſt nothing of their Weight in a long 


Lime, and yet continually fill a conſide- 


rable large Space with their odoriferous 


Particles: Whoever makes a Computa- 
tion from their Subtilty, what an amazing 
Number of Parts muſt he imagine there 


Buy the help of Mictoſcopes, thoſe Ob- 
jects, which cannot be diſtinguiſh'd by the 


naked Eye, feem big; and there are Ani- 


malcula ſcarce viſible thro' the beſt Micro- 


W ſcopes; yet they have all Parts neceſſary 


for Life, Blood, and other Fluids; who 


can imagine, then, the Subtilty of the 


Parts which compoſe thoſe Bodies? 

We cannot conclude this Chapter bet- 
ter, than with the following Theorem, 
which is eaſily deduc'd from what hath 
been ſaid before concerning the Divilſt- 
bility of Matter. ELVES 
A Particle of Matter, how ſmall ſoever, 
being gruen; and any finite Space, however 


large, being given; it is poſſible: that the 


Matter of that Particle may be diſfuſd thro' 
all that Space, and ſo fill it, that there ſhall 
be no Pore in it, whoſe Diameter ſhall es- 
ceed the leaſt Line given, ore BE Ss 


CHAP. 


may be drawn out into a Thread thirteen = 
IF thouſand Foot long. e 


24. 


25. 


26. 


27. Þ V.E RY Body, which i is the' pt 60 A 8 


„ 
2 > 


28. 


CH 1 . „„ 
Concerning te fügte, of Parts, 
Hall tl Ela jetty. = 


our "Senſes, conſiſts of moſt minute 
Pants, none of them is in. itſelf indiviſible 
but with reſpect to us, they all are. For'the 7 
Diviſion we can make, i is only a Separation bs 
of the Particles. A, 
When a great Force is requit'd to make + 
ſuch a Separation, we call that Body * 
1 111 
When the Parts yield more eafily, and 
lip under one another, it is call'd ſoft. 
But this great or lefs Force, in vulgar 
Signification, hath no determinate Senſe; 
the ſame Body ſeems hard with reſpe& to 
one Man, and ſoft with reſpe& to ano- | 
ther. F 


— _ 
* n 
* C Ro IR 
— wy.” 


| Drei =. 

 Bhiloſophically ſpeaking, that Boll ; 15 
calld hard, whoſe Parts cohært rogathe, fa 
aud never "ſlip under one another, ſo that 
the Parts can have no manner of Moting, 
given them without breaking the Body. = 

We KNOW no ſuch Body perfectly hard, . 

b. 


Ki 25 ths. Book I. Chap. V. 

3 DrZEINLT TH 2 a 
In a Philoſophical Serie, that Rah „ 
125 ſoft, aoboſs- Parts yield. intuard of one 
buten, and. ſlip under, tho to effect this the 
| le and Force of a Hammer be requir'd. 
2 DBTPIN IT ION 3. 

A Body, whoſe Parts yield to every Im- 
1 Ms and in yielding ate mov d d among 
4 pl themſelves, is called Fluid. . 
All theſe depend upon the Cohæ- 
ſion of Parts the cloſer, that is, ſo much 
the nearer any Body approaches to per- 
feet Hardneſs. The 'Hardnefs of thofe 
mo ſt minute Parts, is the ſame thing as 
their Solidity, and is an eſſential Property 
of Matter, and can no more be ex- 
. ned than why Body is extended, or 
= the Mind thinks. 

II am entirely ig 
Bodies confiſt of 
and there are a great many things obſcure 
concerning the Cohæſion of Thoſe Par- 
ticles. 

Ihe Laws of Nature, Which take 
place here, are deduced from Phæno- 
13 mena. | 


ignorant whether all 


„all Particles have an attractive Force. 

1 DEFINITION 4. 
. Een Word Attraction 1 andetfiand 
= any orce by which two Bodies tend towards 
= each other ; tho that, perhaps, be done by 
= Impulſe, 


That 


equal and like Particles; 


Cohæſion hath this particular Law, that 


30. 


31. 
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That Attraction is e to theſe |. ; 
Laws; that in the very point of Contact 1 f 
the Particles it ſhould be very great, and 
ſhould ſuddenly > awry ſo that at the leafs © 2 
Diſtance that can be perceived by the Senſes, 8 
zt —_ act no more; hay, at a greate Z 1 


the following = meg as I believe fat þ 0 A 

: ficient to demonſtrate the Truth. = 

„„ I. --. Th 

We obſerve from the ſpherical figure + 

of the Drops, that all the Parts of liquid 7 
Bodies attract each other mutually ; And ; 
1 


32. 


further on this Account, becauſe there 
is no Fluid, whoſe Parts are not as it 5 
were glued e which is evident 


in Mercury. 13 
73 EXPERIMERXRT 2. 
Tab. But this mutual Attraction of the Par. 


Fig. 2. ticles is prov'd more clearly by this, that, 
in all Liquids, two Drops, as A and B, 4 4 

as ſoon as they touch each other ever a 1 
little, run into one great Drop FP; all 
which, ſince it happens alſo in Metals 
diſſolv d, it follows that the Particle 

which compoſe thoſe Metals, do even 

then attract each other when the || K. 
forced 


, == F P hyſt tcks. Book I. Chap. V. 


{| 14 forced from joining by | the Motion of 
nd Pie Fire. | 
aþ © | Theſe Appearances are not WET on'd 


9 by the Preſſure of the Air, becauſe, they 
are the ſame in a Place void of all Air, 


ah 4 pf any other Matter whatſoever ; ſuch a 
” Epherical Figure in the Drops, but cannot 
1 any means give it them. 

at. Ihe Preſſures on the Superficies a d, and 


1 nor from the equal Preſſure of all Sides 


ZPreſſure, indeed, is able to preſerve the 


17 


C b, in the Oval Drop ac b d, are leſs Tab. 


ur 5 han the Preſſures on the Superficies a c, Fig. 3. 


ul, BY 7 b, for it is ſuppoſed that the Drop is 


2 leſs Space the Preſſure is leſs ; but the 
ure þ Prop cannot be made round, unleſs thoſe 
vid Jeſs Preſſures overcome the g greater, which 
Is abſurd. 

But in Attraction, by how much grea- 
ter is the Number of Particles, which 
mutually attract each other between two 
Particles, with ſo much the greater Force 
they tend to each other, which occaſions 
Motion in the Drop, till the Diſtances 
petween the oppoſite Points in the Super- 
f cies are every where equal; which can 
pappen only in a ſpherical Figure. 
Agreat many Bodies act upon other ex- 
Pe, Bodies by that Attraction; I ſhall 
ſhew a few Examples, where the Effects of 
ven Attraction are more notable _—_ conſpi- 
ale ons. ,*/ Ex PE- 
ced | ; , 


tals 
bes 


8 ih Preſſed on all Sides equally, therefore in 


1 — 

| 18 Mathematical eee 

1 2 
39. 1 0 EXPERIMENT 3. 1G! | 4 I: 
1 Tab. I. = two ſmall glaſs Tubes, open at 3 
7 Fig- 4 both Ends; be immers'd in Water, accor- Y 


ding to the Re preſentation i in the Scheme. 1 
The Waten riſes up in them of its own þ . 
Accord, and fo much the higher in one,; 
as the Diameter of it is leſs than that | 
the other. And there is no Neceſſity the 
Tubes ſhould be extreamly ſmall, the 
Experiment may be made in a Tube with Þ 
2 ore of the ſixth part of an Inch. It Þ * 
is evident from tho: following Experi 5 fl 
ment, that this Effect cannot be attr ibu 1 l 

ted to the Preſſion of the Air. 2 

36. ai 55072 ner TING lt. 

Tab. J. Let Tubes be fixed in a Cork, andlf 

Fig. 5. fuſtined by a Wire A B, then let the Au 4 
be drawn out of the Receiver R with 9 1 
an Air-Pump, and moving the Wire A B, Wy 
let the Tubes be immerſed in the Water i 
contain d. in the Glaſs C D. In this Caſe 
the Water ariſes in them in the ſame 2 

Manner as in the foregoing Experiment 
bow the Wire may be mob'd without 
letting in the Air, I ſhall ſhew _ Fi 

when I come to treat of the Ait-Pump. + 
37. . 11 EXPERIMENT: 5. 4 
IE AB CD are two plane glaſs Plates | 8 
big. 6. join d in A B, and ben little from 
each other in- C D; by a Plate of any ſon 
of Matter put between; ; they are ful 
ta ined in- ſuch a manner by the woodes il 
SquareiH ] LM, that the Side D C ma 
1 | alway 


„ | 
6 | 
A 
In , 
=. 


| 
1 
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always remain at the ſame height; the 
at 
1 orizon by elevating the Side A B 
where they are join d, and making the 
va Wide NO ſupport them in any Si- 
le; 3 uation: The Screw P is to lep the 
of 1 Cylinder firm at any height. 

he 

be! 
ich 
It 
i- 


| 4 ion is greater, where thoſe Planes are 


5 eſs diſtant from each other; that is, tis 
Ereater in e than in f; the Drop, there- 


ind Pore, i is mov'd towards e; that is, aſcends, 
Ait and ſo much the ſwifter, the higher it 


„ich! Ig iſes. The Superficies themſelves, in 
rhich the Drop touches the Planes; and 


AE where the Diſtance between the Planes 
grows leſs. The Angle of Inclination of 


ö 
2 Ts 


"| he Plane may be 0 increas d, that the 


Gravity of the Drop ſhall ballance the 

r and the Drop will continue 
ill; and if in this Caſe, the Part A B 
of the Planes be elevated more, the 
tes 4 er will:deſcend; becauſe of the Exceſs 
38 of its Gravity. 2 1 
; 20 Exp E RIM EN _— oa $3 Wo? | 
Two Glals Planes, ABGD:a are join'd. 


Find 


6 ſome other Plate put between; they ks 
GY are 


4 lates may be inclin'd any way to the 


A Drop of Water or Oil, G, is put 1 5 
een them, ſo as to touch both Planes, 
ich are ſuppos d to be both wetted 
with the ſame Liquor; the Drop is at- 
= tracted by both Planes, but that Attrac- 


9 


ce BY he Attraction alſo increaſing greatly, 1 


38. 


in A B, and are ſeparated; a little in C D, Tab. 1. 
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are immers'd in-Water ting'd with any | 
Colour, ſo that the Sides AB, and CD, 
are Vertical : The ſame Planes being allo 
before wetted with the ſame Liquor, the 2 
Water between thoſe Planes, by the At- 
traction of the Planes, aſcends; and to o 
much a greater Height, according as the 
Diſtance between the Planes is leſs: But 
ſince that Diſtance is continually leflen's 
from CD to AB, the Water every where 
riſes to different Altitudes, and form 
the Curve Line e f g; from which Figure, 1 
it is plain upon firſt Sight, that Attraction 4 7 
doth decreaſe very much ſuddenly, at 1 | 
the ſmalleſt Diſtance ; but at a a:greater, 
9725 ſlowly. | 
| ExPERTMENT „ 

- Quickſilver mixes with Gold and Cop 5 
per, and Water and- Oil ſick to clean 
Glafs. 5 
We have Examples of the repelling Pp 
Force betwen Water and Oil; and in ge. 
neral, between Water and all orealy F 
Bodies; between Quickſilver and Iron; j 
and alſo, between. the Particles * 0 
ſort of Duſt. 21 Z 

EXPERIMENT 8. F 

if any greaſy Body, that is a chu pt 
Water, be put upon Water; or a Piece 
of Iron upon Quickſilver, the Su perficies 
of the Liquids: will be de preſs d round 
the Bodies immers d, as is tepreſented . 
round the Ball A; and aftero the ame} 10 
# Mar: 

af 


/ Phyſicks. Book I. Chap. V. 21 
Manner, as in thoſe Caſes where the at- 
2 rradtive Force prevails, the Superficies of 
the Liquid is higher round the immers'd 
X Bodies, as round the Ball B, and doth 
not run to a Level upon the Account of 
tits Gravity; ſo in the preſent Caſe, where 
the repelling Force exerts its Activity, 
the Liquids do not, according to their 
Gravity, flow to fill up thoſe Cavities, 
> which are form'd round the immers'd Bo- 
dies. 
JI 0 this Place we may refer all the 


Phænomena of light glaſs Globules Tab I. 

ZZ ſwimming upon Water; when they are Fg. 1 
7 clean, the Water riſes on every Side 
” round them, as in B; but when they are 
cover'd with any Thing greaſy, the Wa- 
ter is, as it were, hollow'd from every 
Part, as in A. In the glaſs Veſſel the 
Experiments are made in, the Water is 
! ſuſtain'd on every Part by the Sides of the 

vVedſſel, and is higher at the Sides, as in 

C, and D; and when the Glaſs is fill'd, Tab. r. 

ſo as to run over on every Side, the Wa- Fig: 9- 
ter is higher in the Middle than about 
7 the Sides, and forms the Convex Super- 

# ficies ABC, by reaſon of the mutual At- 
traction of the Parts of the Water. From 
theſe Phænomena alone, the following 
Experiments are explain'd. | 

EXPERIMENT , 10, II, 12, 13. 

When a glaſs Vial is not quite fill'd 
with Water, if a glaſs Ball (always clean) 

7 be 


= 
— — 


— 
—— 1 


— 8 
— 1 
— 


—— — 


— 
— 
— n - — 7 , 4+ © — 
2 y — p 
rr . — — — 
8 — . — 


* 
. 
333 
. 
[1 
- 
: 
46 
4 
4d 
; 
& f 
HG 
2 
7 ry 
12 
* 


oo 

| 

* 
al 
} 


- <> _ * 
— 


— 
—4 - — 
* DS — . 1 4 > E 8 _ 5 n — _ 
2 1 L * 3 * "ms 5 wi L a” 2 Ge 9 — — = 
3 —— —— — ns # — — —— 2 —ů et um —— —ä—ä—ä— 2 —ä 
8 bp A — wo a” - = . ——_ " - * * — 
; =" — , —_ — . ” — — — —— —— 


2 
— — 


» * ads - rg; * * L - _ —- * 
a CAM — rr 2 * 
3 E my * py 7 3 4 N we = * 
* ow 8 - ” » + wk o - 2 1 5 
> ——— Re aged . 1 — — 2288 ms ES. d 
2 „ — 2 1 — 
7 — n — roma — - 


pag _ * 
a” us 5 Fa 
ie 2 + —__ K 4 
— + OO —— — — — 2 % 


—— —-— 


——— ——p 
— * N 


— —— — 


_-— — 
— 
E Os 
— — —— — 
r 


2 md — 
. nn nmte 
— — a, au 


, 
8 


— — 
38 1 tg i % * 
— 2 * 


2 ll” ge 4x 66 
— 7 * . — <ng 8; = * re 
4 rr ————— 
— I ie 
$44 "EI — — 
— 


r e 
8 wy 8 
2 N a >. 


oz 
— 1 
tf gg — ————— tn nes 


n 2 


% I It, 
3 


— 


1 — 


24 ö 
4 * 
; 1 
£ 
\ . 
4 ; N 
51 
it 
Ez? 
g* 
| 4: 
« 


Te 4 
—_— — 
> © "”_ 4% 
= . 2 E — 


he” 
. 
2 


. * 
aw ww 
* Nee 


r7!b̃ ·. 4 — — Z—ꝛꝑ—6 4 222 on 6h 


* 6 YL 
«lat. ce „„ -—_ 


| both the Balls are carried to that Part. 
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a put upon the Water, not at a great ail. © | 
tance from the Sides, it is Carried to- © | 
wards the Side, and joins itſelf to it. 2 
The Ball is preſs'd on all Sides equally 8 
by the Water; and when it comes to the 
Side of the Vial, that Force by which A 1 
the Water is elevated; 'takes away in 
part that Preſſion; ſo the Preffion on the 
oppoli ite Part prevails,” and the Ball ol 1 
mov'd-towards the Side. XR 

When the Vial 1s quite full, even til 8 
the Water runs over, the Ball is carried 
of its own Accord from the Side of the | 4 


es ſor as before ; beckule that Fores;: by | 17 5 
which the Water i is elevated in the Mid- 1 
dle, takes away from that Side ſome 
part of the Preſſion round the Ball. 2 
The contrary happens in thoſe two 
Cafes when the Ball is greas'd over ; be. 1 
cauſe that Force, by which the Water and 5 
Ball do mutuälly repel each other, is 4 
greater, where the Water is Elevated 3 
his her. 727 5 
Two clean or greasd Balls do mutu- 4 
ally go to each other. 1 have given 3 3 
the Reaſon why this happens in clean | 
Balls; in the other Cafe, when they are 1 | 
greas'd, there is a Cavity made round 
them; where when the Cavities are 
join d, the Preſſon is diminiſh'd, and 
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If one Ball be greagd;! and the other 
9 f dien, they mutually fly off from each 
other. The Reaſon * eaſily from 
what hath been ſaieQ. 

It is plain from a great many Expati- 
1 ments, that the Parts of. all Sorts f 
alt do attract each other with à very 

great Force: That Attraction at the Jeuſt 
v3 Diltane. „ and the repe ting Force at a 
"io 4 greater, is ſufficiently provd __ the gh 
12 0 eee Experiment. 

3 EK PERRIMENT IJ. 
7 - Salt being diſſolvd in Water, ind: all 
1 ils Water; by Heat, made to evaporate ; 
the moſt minute Particles Of Salt join 
4 4 thetnſelves' together, and form emen 
Parts; which proves that Attraction. 
Thoſe Particles are all: equal, and of 
the ſame Figure; from: whencè it follows, 
that the moſt minute Particles, of which 
the greater Parts were made, had the ſame 
Scituation with reſpect to one another; 
that is, were diffuſed at equal Diſtances 
thro' the Water. Which could not be, 
unleſs they all fied from, or repell'd each 
other with equal Forces. 

Elaſticity of Bodies is thut Property by which 
they return to their former Figure, if it ſhould 
be changed by any Force. It is eaſily de- 
duc'd from hk is ſaid before: For if any 
compact Body ſhould bend itſelf, and 
when it is prefs'd; yield inwards, with- 
out any of its Parts flipping under one 
C 4 another, 
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Mathematical Elements 
another, the Body will return to its Fi- 
gure by that Force which ariſes from the 
mutual Attraction of its Parts. = 

But I ſhall in its proper Place ſhew, 
that that Property of Air, which is call'd i 
its Elaſticity, proceeds from that Force, 
by which its Parts mutually repel each 
REES. | 1 00D. e 0; —_ 
And leſt any one ſhould think, becauſe 
we do not affign the Cauſe of the above 
mention'd attracting and repelling Forces, 
that they too are to be reckon d among 


CEA £508 oF, 

[7s n 
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the Occult Qualities : We ſhall ſay, with 


4 
PF Ke 
1:20 
bs TE 
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the great Newton, we do not conſider | 
thoſe Principles, as Occult Qualities, which 
are imagin'd to ariſe from the ſpecifick 
Forms of Things; but as the univerſal 3 
Laws of Nature, by which Things them- 7 
ſelves are form'd ; for the Phænomena of 
Nature ſhew us, that ſuch Principles do 


really exiſt,  tho' no one hath explain d 
yet what are the Cauſes of them. To 


affirm, that every particular Species of f 
Things is endued with Occult. Qualities, by 
which they have a certain Force in Ac- $ 
ting; this, indeed, is ſaying nothing to 


the purpoſe. But to derive two or three 


general Principles of Motion from the 
Phanomena of Nature, and then explain 
how the Properties and Actions of all 
Things follow from thoſe Principles; this 
would be to make a great progreſs iy 

£5 : Phi- 


of Phyficks. Book I. Chap. VI. 
Philoſophy, although the Cauſes of thoſe 
| Wes are not known. ' | 


Bodies. 


ws N FOI in cetera far alſo 
m. of Place and Time. 


HE Subject we are now beginning 
to treat of, is the moſt extenſive in 
Phyſicks. All that is perform'd 
In natural Things belongs to Motion; 
i hat we have ſaid before concerning the 
=Tobzſion of Parts, relates to it: For tho 
in Coheſion it ſelf the Parts are not 


—Hov'd; yet what we mention'd aboye, 
gan neither. be explain'd, nor confirm'd 
44 1 Experiments without Motion. 
Motion is a Removal from Place to 
1 ace, or a continu'd Change of Place. 
* Every one hath an Idea of it; and Philo- 
4 ſophers 


nirning” the Motions of fold 
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a Thing, which otherwiſe every Body a 
underſtood. 85 


Mathematical Elements 
ſophers have given themſelves unneceſſary 
Trouble, in endeavouring to make a De- 
finition of a ſimple Idea, and have only 


prov d this; that they could, with a great 
deal of Study, arrive at the Ignorance of 


Place is Fpace occupied by Body; and 
we mult ſay the lame of that as of Mo- 
tion. | | AM 

It is twofold, true or ae Place, « 
relative. 14 


— — „ 


DETINITION I. wh 
True Place is a part of immo veabl: 
Space, which is occupied by a Body. £ 
DEBINIT ZR 2. 
Relative Place, which is diſtinguiſh'd *. 
ly by our Senſes, is the Situation of a Bod 
with reſpect to other Bodies. Ih 
© True Place often changes, the Relative Ty 
remaining and ſo vice werſa.” "; 
Whence, Motion alſo is either true or "uh c 
ſolute, or relative. * 
While a Body moves, Time flide *£ 
away. 7 
Time alſo is twofold, true or 2 an 
and relative. = 
The true hath no relatibn to the Mo. 
tion of Bodies, nor to the Succeſſion oi, 
Ideas in any intelligent Being; but by it 
own Nature Hows always equally. 


Dt 


7 Nayſete Book I. Chap. VI. 27 


ry 9 DEFINITION 3 

wh Relative Time is a'part of true Time, 
ly eaſur'd by the Motion of Bodies. This 
A ly is the Object of our Senſes. 


All Motion may be accelerated, and a 

7 pdy may be moved flower than before ; 

d it is probable that there is no equable | 
Motion of Bodies. And from hence fol- 
Hoss the Difference between relative and 

We Time ; for the latter never Hows 

1 ter or ſlower. 

fa DEFINITION 4. 

5 | That Affection of Motion, by which a 53. 

* ody runs a certain Space in a certain 

Time, is called Celerity or V elocity ; that 
Merefore, which is greater or leſs according 

tc the Magnitude of the ſaid Space, is 

ewiſe ale Proportional to that Space. 

bod DEFINITION 5. 


tive Ul How much the greater Force is im- 
esd on any Body, in order to make it 12 
al. pange its Place ; ſo much the greater is 
e Motion; and that Force is called 
ide a e Quantity of Motion, or the Momen- | 
mM 4 of the R j 
WA 15 DrrINIT ION 6G. 
1 7 The right Direction of Motion, i is ike * 
0. 


Which is ſuppos d to be given towards 
2 * Part to which the moveable Body 
nds. F fre | % 7 
„ 14 ION 7. 
Power,” is any Force which acts upon 56. 
Body in order to move it. | 
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DEIN ITION 8. 1 

The Magnitude of that Force is cl * 
the Intenſt dne of the- Porver. — 
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o comparing Motions © one wiſh 
another. pert 
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AXIOMS. 
1. 

5 HE Quantity of Motion, or 
Momentum, is proportionate to + 
Cauſe producing Motion. 1 

II. 
5% The whole Effect of Motion, vod | 
at the ſame time, have the ſame Nala 9 
one another, as the Momenta s 'of thoſe M 1 15 
tions have. = 
I. ' 


17 equal Momenta's of Motion i 
ing contrary to one another, deſtroy e 
other; and the one can never overconfi 
the other. fi 

61. Bodies in Motion may differ ow ei 
other in two Reſpects. In reſpect of if 
Quantity of Matter in each, and in rel 

ot the Space run over in the ſame tinſ 
that is, in reſpect of Velocity. Not 
there any other Difference; theſe Q 
theres 


* 


of Phyſs gebs. Book]. Chap: VII. 


3 therefore, and theſe only, ought to be 
call Wd conſidered ; in comparing Motions. , 


to conſider only the Quantities of Mat- 
ter; and if that be double in one Body 
to what it is in the other, the Quantity of 
" Motion will be alſo double; becauſe in the 
greater Body there are really two Bodies 


24 


TY 


3 BR * 
3 
1 
. 7 
Ne 
8, 
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be applied to all other relations between 
7 Bodies: From whence we deduce this 


general Rule. 
all 


tion are as the Quantities of Matter in 


each. 
43 
I 


8 equal, the Velocities only are to be conſi- 
dered. And, 

In equal Bodies, the Moments s of 
Lotion, are as the Velocities ; that is, 
as the Spaces ran over in the ſame time. 


on al i For the running over thoſe Spaces are the 
dy el K vrhole Effects of the Motions, which are 
>rcof ? produc'd in that time ; and are to each 


m ei 
off 
il | 
tin 
Nor 4 

> tl 
eil 


ee of the Motions are in the ſame 


f . 
110, > 


Ouantittzs 


When the Velocities are equal, we are 


hp to the leſs Body, and moved with 
the ſame Celerity as it. The ſame is to 


4 In Bodies unequal in Bulk, but of 
th equal, Velocities, the Momenta's of Mo- 


4 When the Quantities of Matter are 


5 f Sher: as thoſe Spaces; therefore the Mo- 


Ih order to 1 the e 
LED two Motions when the V eloci- | 
ties are unequal, and the Bodies differ in 
en of the Quantity of Matter, two 
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1 

to — debt as the Maſſes = 40 5 the Vida. 1 
tie. ITben multiply the, Celerity of each 
_ by its: Maſs, the Producte will have. 
— ro to each * Which Was to = 


2 — the Velocity, for Prample; is 
double, and the Maſs triple, the double 
Quantity of Motion ought to be multi- 
plied by three, and then it is ſix fold. This is 
the Cafe when the Velocity is two in one 
Body, and four in the other, the Maſs of? 
the firſt, five, and of the ſecond, fifteen ; 
mulriplying each Maſs by its own Velo- | 
city, we have the Products ten, and fixty, 
the laſt of which is faxfold, the former. 

This is call'd the Compound Ratio of 
the Rativet of the 8 and the Celeri- 0 
ties 0 2d 4: 3 FP 

A greater Body may * niovad tome 1 
than a leſs: Body; ſo that the leſs Body 
ſhalt have an — or greater Quantity F 
of Motion than the other.. F 

: When the Velocity in the leſs Body i is to 


the V elauity in the greater as the Maſs of 


the greater to the Mafs of the leſs, the Quan. 

tirzes of Motion will be equal in each B ody. 

As muckuas rhe Quantity: of Motion in 
the ſmalleſt Body, in reſpect of its Mais, WW 
is leſs, fo much the greater is it in reſped 
of its Velocity. Mhence ariſesthe Equa- 
lity. In this caſe too, the Products of 
* Maſe of each Body, multiplied by their 
Celerity, 


Hi Phyficks: Book J. PORE VIII. 


MN Wei: are equal And the Velocities 
are ſaid to be in the iο,f e Ratio, or pro- 


4 rtion of their Maſſes, or retiprocall as 
:| bein Maſſes. | 
to 


When ſuch. Momentz'' $ of Motion ach 
noh, they mutually deſtroy each other. 


le 15 eee eee 


t- 

ne 

of þ F J of comparing the Adtions 7 
\ Powers. 

lo- 50 | 

5, . Actions of Powers a ting upon 
g J Bodies 'may be compared to one 


; another after the ſame manner as the 
5 © Quantities of Motion; and the like Rules 
take Place here to. 

0 7 By what follows we all is that a 
: in once put in Motion will continue 
in Motion, though the Cauſe that moved 
1 it at firſt ceaſe: So that if ſuch a Body 


tbo . | ſhould be continually puſhed forward by 
N ＋ = any Power, its Motion would be accele- 
n rated every Moment. 

0. 77 We do not in this Place conſider ſuch 
1 an Action of Powers Here we ſpeak of 
Y { ſuch Powers as act againſt fome Obſtacle, 


| ſo that by the Reſiſtance gf the Obſtacle 
| the Action of the Power ſhall'be preſent- 
On deſtroyed. This is to be taken No- 
tice of, becauſe the following Demon 

ſtrations 
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ſtrations will not be true in a different L; 1 
Caſe. When we- ſpeak here, b 1 
of an Obſtacle to be removed by ſome 2 
Power, we mean the greateſt Obſtacle that 
can be removed by that Power, other. b 
wiſe it would not deſtroy all the Action 1 
of the Power. . 
The Actions of Powers may differ be.. 
tween one another, both in reſpect of 
the Magnitude of the Obſtacles, and in 
reſpect of the Diſtances from thoſe Ob-. 
Ales; ; that is, from the Points where 
the Powers are applied. In comparing 
of Powers, theſe two Particulars only. 
are to be conſider'd. . 
Thoſe Obſtacles, —— can be removed h 4 
Powers, are to one another as the Intenſiti 
of the Powers, _ BY 
From whence it follows, that the Ac. 
tions of Powers, whole Intenſities are 
equal, are to one another as the Spaces 
run over. For they differ only in that 
reſpect, becauſe the Obſtacles are equal. 
When the Spaces ran over are equal, 
thoſe Actions are as the Intenſities. bh 
When both the Spaces ran over, and 
the Intenſities differ, the Actions of the 
Powers are to one another in the com- 
pound Ratio of the Intenſities, aud Spaces 
run over. aer 
When the N run over ate in the 
inverſe Ratio of the Intenſities, the Ac: 
tions are equal. 
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fore, 1 "horde Force of a PoWer is ralrd 
a Its Action, with relation td Time: there. 


ore the whole: Forces of che Powers Ard 
4 o one another ag the Actions pro duced 


che Game time f e 1 


- All: bo ang ones $2 non. 


rated uter ehe fame minner/a5 thofe fr 

' "i the en Chapter. i! 5 
d "n 1221190 5714 8 2 1.7 Dl. 
Ob- 1 I 
here 1 1 5 nd nequ 22 Inis“ 5 
Ting 9 144 r. . 1001 b ift 
only i 5 0 emo 11 3715 fil W 20103 
Þ erals con ravityn 
5 lf J | Gen 6 ncerning C Gr vir 
wu 04 DAAD Fk S . e 
A. 11. Bodies 'near the Eh, it Gy 
1 * are not hier Af by any Obſtlele, 
= ce Carried to (yards the Earth.” 


2 70 200 Werde l. 40. 194 


tha BY That Forde, by which Bodies abe 
41 47 es ate car⸗ 
2 1 5. towards | this Earth i is 25 Grave. 
+ SSL 7 9 051136; ＋ 1. 9 
| meg. INT 10 N 2. C23 52613 22 
2 4 e fab For to the Body; 
the oy e ch Force, is 8 
on * Weight of the 12 . . HA 


(VT; 7 nao 
th The Force of Gravitation acts 80 
bl food Mornenin all Places near the 
n 1 0 a7 & es 


EY $o?C] n {7 D Ps p The 


FF 14 Tet 


33 


71, 


72. 
73. 


74. 


3 77. 
1 bk WIr are Fe WI af all 


Tab. II. 
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tis EE imperceptible. 


Plane under the Gla 0 at the 1 
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The Difference of. Gravity, in ad 
ferent Counties, is but ſmali of that 
too I ſhall: take Notice hereaſtet. For 
e to be conſidered here, eſpa 
cially fins 92 — EINER 


en the Deſeent of a Body is bins 
'd by any. Obſtacle, it Nele be Ob 
Lale always equally with- its Weight, 
and tends towards the Center of the 
Earth, it may, therefore be conſider'd a 
Power ating upon an Obſtacle ; and we 
may apply in this caſe the enignſtration 
concerning Powers in the foregoing Chap 
ter. 7 * Nee 28 NSN 
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= lere in E, be join'd: to the Co- 
in e,; let that go through the two 
3 3 H. b the help of two Plates, 
3 1 © witch is f ſeen in F4 f, and which are 
len above mentioned Plate E. 
4. Extremities of the Plates are join- 
their Elaſticity, and the Gold and 
15 is held beuge them while the 
ber 
8 Wo: paſſes through the Co- 
va F round without 
ir 14 e help of the Han- 
e D. Oedt hereafter, when we prak 
Uebe Air-Pump. 
In the upper Part of the Plate there | is 
Hole Ez thro which the Wire paſſes, 
8 3 a : the End of the Wire —.— the 
te may: be ſeen in L, which Plate is 
e an hollow, that the Oval Plate I 
m ebe joined to it. It muſt be obſer vd 
2, that the little Diameter of the Oval 
te is ſuch, that the Plate E may incloſe 
the Extremities of the other Plate re- 
1 m ue ſtill joined. 
Hut when the Wire, and with that the 
Ne 1 is turned hd; becauſe of the 
rence of the Diameters of an Oval 
| 1 re, the above mentioned Extremi- 
1 0 are ſeparated, and ſuſpended Bo- 
4 tee at the fame Moment left looſe. 
nis fame Phænomenon is deduced from 
Weber Experiment, which 1 — men- 
hereafter, 
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Jae it follows, -that Peg i mo In al 
"Badie, that it, be, We f prop . 1 
tional to the Quantity. of 4 3 

"Therefore all 80 Mie x Matter, 43 
wh is equ Nen heavy, and the een 1 
why Bodies ſeem not equally heav 2M 
caule there is a greater or le Va 4 
of Matter in an equal Sp REM tt 1909507 7% 

When Weight is confi 5 poet Wo, 
the Intenſity of the Power is pr tional * 
to the Quantity of Matter 10 che och 
wich weighs down, and the "Di#eftion of 
the Power is towards the C ter'of the 
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Of the ſimple Trochlea 2 Pull); 
oft Sale? 355 e * 5 Ul, 
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Thott which 3 — 75 as Lb, 11 
By this Machine the Line of Direction 
of a Power is changed; — 9 any | 
other Uſe when-it.-is fixed in its Place; 
for in this Caſe the Force or Hower ay 
plied to the Pully-Rope , 75 . Telnet "2 
equal to its Impediment P balances it: 
For 
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„ Por the P r cannot be moyed — 
Pe” 1 55 keene paſſing over an equal 
ace the ſame time. 

| Weights are diſcovered, et is, the 
aa of Matter in. ſeveral Bodies 
by the help of the 
t zu known 
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ab The Line 50000 Which the Balinte i is 
0 ves 155 rather wheel'c d round, is called 
1 the Axle of the Balance. x 
= Drrix 111 ON 3. 5 
| When we conſider the Length ort th 
Ta Arms, or of the Yoke,, the Axl 
bene . as 5 Point, ndl the © Eber 
| 725 of,. the Balance. fin 6 Tg 
E 1 2 2 N TTY 
©» 'Dxxx Ni#10 4. 
Thoſe are rertiied the) Points of Alber 
fon or Application, where the Weights ei- 
9 ther ally” Are, of from whence they 
= BE Ye or the Scales! in Which 
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| . Concerning this IMchbe the faltetþ: 
* Par Aten are. to be taken N 


A weight, if i FOE down freely ever 
95 bs fps Eolnts ü lly weighs upon 
0 of pref es chat Point, the Nig 
ce Pon 7 77 to be.p xced'i in the e 
Point itſelf,” f. 7 
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Fig. 2. 
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Fig. 3. 
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Fig. 4 
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Marhumutical Elem ment: 
Lengths from a Fan draws the Rope * 4 
Is ha! gd up b MA $4 90) SIPS, Mm 

A Proof 5 an bY 5 x nxt E r. A 
Inthe ec AB, lex the Weight p A 
hap ed to it at 585 A alen 1 

che Ro 1 The Scitudtlon «lf I 

che Balance Wift not be chanel. A 

The Action of a Weight to move the 
Balancę, is io much the reiter, as te 
Point preſſed by the Weig t is more dil. 
and from the ener ofthe Balance; 3 and 4 
that Action is always e to te 
Diſtance, of the bote me oned Point . 
fro: m that Ce enter. 1 5 
[When th ae 18 turned round, in f 11 
the ſame Mann of the Balance, the}; F 
Point B runs through all the Arch B „5 | 
and the Point A, th Argh Aa. The lil. 
of which Ares” feateſt, "there. ; 5 
fore in that Motion of the Balance the 
Attion of the ſame Weight is different,” | 
according t6 the Point to which it is ap-| 
plied and i FO proportional to the Space fung 
over this Point, therefore. it is in A, 
48 A a, in B As By,” "But thoſe Arches ar & 


he Arms 918 Balance 5. Fi diu | 40 
1 . 
ied to the ninth Diviſl off 605 the Ce. If 
tet, weighs as much as, three Dunces : 


fixth Diviſion, as much as three at tie 
fourth, and fo of the reſt, The 
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B .be and ſome ofhet Experim 

follow, is plain enongh'from Ne th 5 81 5 

agure, if you apply here What is 
2X 102. From hence ic „ that the Ac- 


= Weight; in its Diftance from the Cen- 
7 ter; fo 0 that Diſtance is 0 55 e tun 
” þ over, or the Motion of the Palace 1 
= 4 DTI IT ton” 5. "ay 
S 9 Tue Balance is ſaicl to 4 in err 
eue ths Atots of the, Weights 6n'botl 
Þ | mat the hce are &. 
oF that they matua y. deſtroy-each 
I. 95 = as In tlie foregoing Pee 
the , ̃˙ 3P1 ap 
B hen che Bates 18 mn 4 e 1 
la; x pes es Geh ldes ar fait rr 
3 th each other.” 


8 : In order jor © for that, it 
p- = lary that che Di ſtanſces from the C 

fun | bere reci 175 ally, as the Weigh I chat 
1 1 "Df Re, the Prod vi HE e- 
1 | I qual. 


g hp 1 1 N 5 


R 1 . 
1 era 17 mention ed 255 
e, Otnce gr 435 10 
„ Diviſion ſom. th Wer, Tg 15 g 
5 rates W .of coyntetpoiles three 'Ounges 
the at che Diſtatice of tie wu Diviſion, 


The 


The Cotiſtructidf of the aner for | 


N * Fe Weights may grey FO 
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MJ tion et a Weight for moving the Balance 
"Fs in the compoutit” Rurtb of its own 
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Fig. 1. 
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DA Ex x NINE NT 3 
We Sis Hind, hath very unequal 
cle, 115 105 on the ſhorter; 
the” diyided into equal Parts, 4 
W Wee e to it; that it ſhall 
#quiponderaf 51} Uh the fir firſt Div 


iſion to 5 
Ounce put in o the, 90 le; "= a Body 
to he weighed 1s. gut into dhe Scale, and 
ths. eight juſt, mentioned is moved a; 
long the Jonge 0 the Steel - yard is 


15  Equuiligria, .. Weiz ſhe Number of Diviſions 


etween the 3V it and the Center de. 
nates the Number 7 Ounce * Body 


ed 858 Sybg ivifons mark the parts 


RN this Principle the dee 0 eitful By 
lagce is formed, vis, one Wat ba Baſh un- 


equal A ) Eh) 4 70} 7 * 0 
297 P E ME 

; 15 Scales .of une qual $a bt 4h are 
app ed to the py meptioned Teng. ance, 
on one fide; at the- 10 0 Diviſien,,on i the 
other at the ninth; fo'as fo hang I aqui 
liorio; if then any two „ Weigh ghts are gl 


ven, Which are one Aanoth ex as njne-to 
1 8 0h 85 ut cn the e cal 
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| 1 one ſide, may counterpoiſe one Weight 
tze other ſide.: In this Caſe it is neceſ- 


3 
„ 


equal to the Sum of the Products of 
Y | the other Weights, each being multi- 
ed into its own Diſtance. 
EXPERIMENT = Ou 
bree Weights, each of one Ounce, 
* the 2d, 3d, and 5th Diviſion from the 
Enter, counterpoiſe one Weight of an 
Efunce applied to the roth Diviſion of the 
er Arm. And a Weight of one Ounce 
che 6th Diviſion, with another of three 
Hunces at the 4th Diviſion, counterpoiſes 
Weight of two Ounces applied on the 
ier He at the gth Diviſion. 


E 2 Funber, applied on each fide, may counter- 


A. Wei ght be multiplied by its; own Diſ- 
' 1 ce 1 the Center, the Sum of the 
- duds on both ſides will be equal; and 
* | bose Sums are equal, there i is an De 
* In. 9 FF 
” wh Ex gzmucrnir, 7. e 
weight of two Ounces. is He 
= iche sch Bin ion, two more, each 
e Ounce, to the 2d and 7th Diviſion, 
on the; other fide, two, Weights, each 
Joe Ounce, is applied to the ↄth and 
1 Eh Diviſions, 2 two e will 
8 Prapole the. other three. 
Der- 


ry that the Product of the Weight mul- 
lied into its Diſtance, from the Center 


Several Weights, and of an unequal 
7 each of ber. In ſuch a Caſe, if each 
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Fig. 7. 
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95. The Center of Gt: 228 that Point al 
,} about which alt the. parts of the $ 
Bod - ith TY wien placed, + 
are in eqn * une 90 9 . 
96. bel 890 85 mo Bodies are Jinea i 
together, whetlier ontiguous or fepal % 
rate, they b bave a coin enter of Gra- 1 J 
by. gen the Centet of Gravity ts ben * =” 
ed, the Body remains àt reſt. 0 = 
genen . 
+ = pag The me is ſuſtamed and at reſt) y* 
1 Barati its Center of Gtavity q C is = hs F 
tained by the Prop F. 55 . 
„ . When the Center öf Etavity is not ve Þ 4 
.> tained, the Body" is in Motion until it be 
ſuſtained. | nor RT 
Exy Ir = 4 x 
Ta.1. The Body A put oma Table wlf tan; = 
FS. and the Body wilk not continue in a 
the Scituation it is ref eſentell, becauſe In 
their Centers of Gravity" are” not fu: Þ C., 
— 7 --: . 
99. From what 5 been ſaid here, 4 Rez. - p 
WEN fon may be given why ſome Bodies placed I ber 
on inclined Planes ume down, =} 1. 
JA: 5 1 . 
yy” XPERIMENT To. WW: 
Tab. in. 2 lips down, becauſe itz * 
Fig. 4. Center of Gravity'is fopplorted by the it- Wl 
clined Plane; that is, 2 verkical Line, Nn 
which paſſes” through the Center c, cuts N 
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if bs the inclined Plane within the Body. RY 
6 4 F The Body B tumbles down, Pecauſe 
AJ. he Center of Gravity, cuts the inctined 
45 Plane without the Body. 
1 3 It follows from what hath been ſaid 
1 Poe that a Body deſcends when its 
enter of Gravity deſcends; that is, is 
= moved towards the Canter of the Earth. 
p ; Sometimes in that. Caſe a Body ſeems 
aſcend, and oftimes it doth indeed 
end, becauſe ſince all Bodies deſcend 
1 rough. their Gravity, that is, their 
; Centers of Gravity, it follows, ſome cer- 
in Body may ſeem to aſcend through 
Gravity, and may really aſcend. 


EXPERIMENT 11. 


* 0 two Cones, whoſe. Baſes. ae — Fig. 6. 
l; che Wheel, be put between the two 

10 Nanes, whoſe Sides D G, FH, being 

4 K me form the Angle F C D, which 
ch its Baſe liſted up above its Top, 


Wis Wheel will be moved from the low- 
Þ part HG, towards the, moſt elevated 
art of the Planes BAD: 1 


"1 W Becauſe of the greater Diſtance be- 
een the Planes in F D, the Wheel A, 
.. {Whoſe Axis is on both ſides a Cone, des 
its i Ends ſwiſter between the, Planes when 
in. comes to that part, and ſo is carried 
os Nun by its own Gravity, provided that 


Flcent exceed the Aſcent by the In- 
clination 


he vertical Line, which paſſes through 


43 
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44 Mathematical Elements | 
5 clination of the Angle F E D, to 4 
Horizon. 1 1 
EA Hehe NR in 
The wooden Cylinder A doth wi 
in on its ſide contain a leaden ik 
der, their comnion Center ot Gravit 
in à Section parallel to the Baſe, M 
- which divides the Cylinder into if 
equal Parts, and iu Point anſwering | 4 
Point c of the Balis. 
This Cylinder, howſoever who] w fo 
be in Motion; till its aforementioſ 1 9 
Center of Gravity be in the wr: 
| it can come to. 

I it be put on an inclined Plane] 
ſuch a Scituation as is here en 
Center of Gravity will deſcend, uf, 

the Body aſcends along the Plane, (| [7 * 
Pol ing a due Inclination of the Plane. * 

Ihe Aſcent of a Body is made 

the turning round of the Body towMl n 

the Part of the Plane, which is high 42 
But while it is thus wheeled: round, 8 
is to be taken, leſt it flip down a * 
the Plane; for this End it is neceſſi by 
Rope be tied round” part of the Cy I | 
der, and one of its Ends fixed in the 1 
linder in f, and the other in the "i 

| in d. 1 "2 

102. We may wins prove froni what I 
been faid concerning the Center of 0 
vity, That every 'Pomt in what | 5 


— or Machine, that ſuſtains the O8 
A 3 


Tak. 1. 
Ig, 5. 
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F ter of Gravity of any Weight, bears the 
whole Weight : So that the whole Force, 
by which the Bod 17 tends to the Center, 
| ſeems united in thi ter. 


Cy EXPERIMENT 13. 

avit If the Body A, 'B, Whole W of 
„ Gravity is placed on the Arm of the Ba- 
0 f ance, doth in ET 'Scituation coun- 


4s 


"7 tion, as ab 5 it will counterpoiſe it 
aſe it continues the Center of 8 


"tio 1 | Gt r 
ſt 7 h Gder bs Mei perteck Balance, — 
is is neceſſary, firſt, that the Points of — | 
ae penſion, either of the Scales or Weights, 
tel be exactly in the ſame Line with the 

wi Center of the Balance. 2dly; That they 


be on both fi 19 5 quidiſtant from 
: 1 that Center. has the Arms of 
ehe Balance be. 15 long as may be com- 
Kmodiouſly. ati, "That there be as little 
1% Anrition às poffſble in the Motion of the 
0 Scales or Yoke. . Laſtly, That the Cen- 
f a ter of Gravity of the Yoke be placed a 
fi 3 little beneath the Kn of Motion. _ 
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| {142601 is termed by the Mather 
141 tigians, an inflexible r bt Linz, pid 
per to ſupport or raiſe up Weights, 740 | 
being of no Weight, or at leaft « 7 
aguable-Weight, . 
"Among, ſimple: ; Machines this is rex 
kon'd the fuſt, and is the moſt ſimple df 
ern rai Ee. We na ke 5.9 | 
Big» 
There are four other ſimpl ple W 
of which We ſhall treat in, the. f 
wg 0 s Leaver ta 
are bras things whic demand our Com 
Gderatign 1 
3 The be is the Weight to be pat 
ed t tgiſed up. 

The ſecond, the 183. by which #1 
ſupported or raiſed, which 1s here deno- 
ted by the Weight M, and is commonly 
the Action of ſome Man. 

. The-thicd is the Prop, or that by 
which the Leaver is ſupported, or upol 
Which it is moved, or rather turned 


round, while it ſtands itſelf immoveable 
— , Leaves? 
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envers are of. three ſortea 8 
= bs Sometimes the Prop is placed be- 1 
een the Weight and the Poe. wr 
. 11 — the Weight between, 
: n t Prop 1 DJ 0 87; 3 
m And frequently-too; ower is Ta 
1 3 betu en the Weight and the "MS 
Fs 1:5 Wp91 bis 5156! 
In all theſe aſes the ſime Rules take Tab W. 
ee, and are deducible from what we 88 
a > delivered above: concerning the Ba- 
Ne, and ſhe an Analogy between the 
n 7 nce and Leaver. The Leaver of 
= firſt fort may be conſidered as a 
| clas accommodated for caiſmg = 
| Might 
Ide Agion of the Power and the Re- 296. 
hence ofthe Weight increaſe in Proporti- 
ro the diſtance the Prop: therefore 
12 a Power may be able to ſuſtain a 
Night, it is requir d, that the diſtance ofthe 
| 1 int in the Leaver to which the Weight 
1 = 0 applied, be to the diſtance of the 
eight, as the Weight is to the Intenſity 
1 the Power; the which, if it be a little 
Weald, the Weight will be lifted up. 
a E XPERIMENT 1, 25 3. 
'-- ET his Rule is demonſtrated with Regard — 4 0 
ce three above-mentioned Leavers N 
Experiments, as appears by Figures . . © 
1ſt, 2d, and 3d in the 4th Copper 
ee. For there is an Aquilibrium when 
1 ke Weights P and the Weights M, which 
1 repre- 


r : 
* 1 . 


"4 


* — 


ſtom the Prop F, are in the ſame pic 
3 eee ee the Nun 


The Conſtruction of the Machines Wu 
Which theſe Experiments 
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Mathematical Elements. \\ 
repreſent Powers, and alſo the Diſtarite 
placed there have to each otlie 


Hare made; | 
plain enough from the bare Inſpection u 


dhe Copper Plate, and requires no furth 


107. 


the Weights, which are to be carried or ſug 
108. POV Þ 656) 76s, 19 


- which wants no further Explanation, 


tenſitier of the Powers. 


Elana. 5:7 2.3 $32.7 4 af 
Artificers alſo uſe frequently a Lean 
to carry Weights, and there are ſeven 
Caſes of this Uſe of the Lenver, vchit 
deſerve tõ be taken Notite of; the:De 
monſtrat ion of which may eaſily be & 
duced from what we have already ſaid) 
With regard to all Caſes, let it be o 
ſerved in general, That the Intenſity-ofith 
Pomer, or the Intenſities of the Pom 
when there are ſeweral, * joined tag 
ther, ought to counterpuiſe the Grawityn 


$6) Fee en 111 3088 
If a Weight is to he ſupported, Of! cat 
ried by tino Powers, it muſt.be placed 
tween the Powers; and the Diſtances | 
the Powers from the Weight of each | 
ought to be in the Inverſe Ratio. of the h 
941 211121 408 
EXPERIMENT 4. 
This Propoſition is confirmed by Ul 
Experiment drawn in the 4th Figure; all 
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2 EXPERIMENT * 108. 
Yen two Weights are to be ſuſtained by fab. - 
Poder, the Power muſt of neceſſity be 7 

1 4 between the Weiphts ; and then 
WE: we have juſt now ſaid of two Pow- 
Fi to be A to the two Weights. 

WS. ris. 1. Plate 5. 3 
4 1 ſeveral Weights are often ſupported⸗ 2 
'Y rried by one or more. Powers. In 

| Caſe it is to be noted, that all 
*. in whatſoe ver manner placed, 

one common Center of Gravity; 

u. Center is ſuch, that if every 
Pabt on each Side be multiplied into 

1 pg pwn Diſtance from that Point, the 

; 5 of the Products on each Side will be 
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0 dwers alſo, however diſpoſed, have 
14 3 mmon Center of Gravity; they may 
be repreſented by Weights; and 
the Intenſity of every Power ought 
e. multiplied by. its Diſtance from the 
Bo er; and the Sums of the Products 
* ch Side will be equal: That Powers 
55 be able to ſuſtain the Weights, it is 
A 220 ay that the Powers and Weights 
one common Center of Gravity. 
IETI PRINT 6th and 7th; 
What we have ſaid before, 1 48 ſuffi- Tab. v. 
5 explain the Figures ; in which C Fic: 2, 3: 
: oa Dres the Center of Gravity of the ® 
206 ſts and POWers. | 


* 


50 


| 110. 
Plate V. 
Fig. 4. 


Plate V. 
Fig. 5. 


to the firſt, and another to that, and . 


That in the Motion of this Machine, the 
in the ſame time, are to each other a : 


Verſe, which is neceſſary, that there ſhould} 


Mathematical Elements 
EXPERIMENT 8. "Sie 
What we have ſaid before takes plac 4; 
allo, if the Leaver be drawn by PO wer 
on both Sides, as we ſee in the Leave 4 1 
which is drawn horizontally on bothSidal 
as in the 4th Figure; which could not Wl 
in æquilibrio, but in a Caſe of the for 
mentioned Rules. 4 
We may alſo uſe a compound Lead . 4 
to raiſe Weights: In this Caſe, inſte. 4 
of a Power, a ſecond Leaver is pff 


on; and the Power is applied to the % A 
and then the Ratio of this ro the Weigl 5 
when it counterpoiſes to the Weight, kf] 
compounded of the Ratio of the Powe , 
to the Weights in each Leaver, whe | 7 
they are applied ſeparately. . 
EXPERIMENT 9. i 
Three Leavers A, B, D, are fo di 5 
poſed, that the weight P is ſuſtained bi 


the Power M. In the Leaver A (if ta l 


were only uſed) the Power would be MA 
the Weight as 1 to 5; and in the Leaver i 
as 1 to 4; and in che Leaver D, as 1 t * 
6; the Ratio compounded of thoſe three| Y 
is as one to 120. Alſo one Ounce MW; 
ſuſtains theWeight P of 120 Ounces. Nat 5 


Spaces run over by the Power and Weign 
120 to f; that is, in the former Ratio in 


be an equilibritm. CH * 1 
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[ 7 the Axle in che peel, amt; 
Wheels with Ti eeth. ; 


H E Leavet, as we ſaid in the begin- 
ning of this Chapter, is uſed to litt 
Peights to à ſmall Height; but for 4 
Preater Height we make ule of the 
9 7 bxle in the Wheel. 


EM DEFINITION. 
* * An Axle in the Wheel, is a Wheel 112. 
10 #'ich will turn round with the Axle. 


The Power in this Wheel is applied to Plate v. 
the Circumference of the Wheel, by Fs 5 
,ZWhoſe Motion the Rope to which the 
EWeight is fixed, is turned round the Axle, 

That thereby the Weight-may be lifted up. 
Let ab be the Wheel, de N Plate V. 
- Axle, p the Weight to be raiſed up; 13 Fig- 6. 
ry 5 Power, by whole Action let ok 

Wheel be moved; the Points band d de- 

: Eribe equal Arches in that Motion; thoſe 

1 Arches are the ways paſſed over by the 
Power and Weight, and are to one ano- 

bY. mer, as cb toc a: that is. as the Diameter 

the Wheel to the Diameter of the Axis. 

From whence we. draw d. following 

Rule, LE 2180 

E 27 115 n 05 | The 


52 


113. 


that there may be an Aquililrium be. » 
' tween the Power and Weight, it is al. ; in 


4 ale. 


Tab. V. 
Fig. 5. 


tbe Diameter, ok, Suk Axle is _ wor nl i] 


'' Mathematical Elements | 
The Power hath ſo much the greater 
Force, the greater the Wheel is; and it 


Action increaſes in the ſame Proportion  ; 


with the Diameter of the Wheel. The 
Weight reſiſts ſo much the leſs, the leſs the 
Didimeter of the Axle is; and its Reſil. 
tance decreaſes. in the ſame. Sr 
with the Diameter of the Axle. And 


m. 


0 


42 


ways required that the Diameter of be fd 
Wheel be to the Diameter of the Axle 
in the inwerſe Ratio of the Power to de. 3 
Weight. | " 
Note, That the Dames 1 the Rope 
is to de added to the e of te, ” 


EXZPERIMEN 7 7 | i 

This Rule is ſeveral ways confirmed byt F 
the Help of the Machine drawn in thi} IF 
Plate, in which: there are Wheels and, 
Axles of different Magnitudes: : when 9 


3 115 18 | 2 . 

APawer nin be KEY II Sticks ${ 
in P, and then che diſtance of the Point to i 
which it is applied; from the Center, ist0Þ? Þ 
be reckoned, forthe Semidiometer of theÞ4 
Wheel. 1 | 
"Wheels with Teeth have the ame 
Foundation as this Machine, and ar the iF" 
ame 


2 


* 


17 Th 2 * Book I. Cinp XII. 53 , 
me in reſpect of the Axle in a Wheel, * 
as the compound Leaver, > in reſpect 0 


5 
at : L 
1 
ef < ' 60 


| id 5 

tion the ſimple Leaver 

The If the Axle of a Wheel "RY, Teeth, it Tab. v. 
the. is proper to move a Wheel whoſe Perife- Fig. 7. 
eſi. Ey bath Teeth; and the Axle of that alſo 

ical wy communicate Motion to a third 

Ind Wheel, and ſo on: In fuch a Caſe, + 

be. The Ratio of the Power tothe Weight, 


al. zn order that it may counterpoiſe, is *he 
the 4 $ompound Ratio of the Diameter of the 
xl! Axle of the laſt Wheel to the Diameter 


tel ; pf the firſt, and of the Ratio of the Cir- 
, Eumvolutions of the laſt Wheel to the 
Circumyolutions of the firſt Wheel in 
be ſame time. 
The Demonſtration « 'this Rule is: 
. rawn from the comparing the Ways or 
1 pa fled over by the pre and/ 
Power. i f e 
| Jeu» a ntadi ny 
A Power, which is repreſented by ths: Tab. v. 
11 bvciehe M, is applied to the Wheel AB; Fig 
aff j1 the Weight P to the Axle of the Wheel 
F, the Diameter of that Axle is the 
en part of the Diameter of the Wheel 
RNB; and this Wheel is turned round five 
| 1 times while the Wheel EG: turns round 
Ince: The Katio therefore of the Power 
the Weight, is compounded of the 
Þ Ratio, of 1 to 8, and r to 5; that is, the 
Kati of 1 to 40; and half a Pound weight 
1 4 ſuch a Caſe ſuſtains 20 Pound. 
4 3 CHAP. 


te F 


1115. 


Fig. I, 


Occafions : li ſuch Cafes we muſt mak 


eafity transferred from one to place 


is tied to a Hook, or otherwiſe fixed, at 


which is equab to half the n i 


Tab. VI. 
to the Pulley, yet ſo that the Rotation of 


Rope goes round the Pulley fixed 
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of the Y Pulley: 


E Axle in the Wheel cannot be uſe 
to raĩſe Weights: upon a great man 


ofe of Pulleys; and a Machine com 
pos d of them is very compendious, and 


another. = 
- We have explained what a  Palleyi 
above. e 

If a Weight be ined to a Pulley, 10 
that it may be drawn with it, each Ene 
of the Pulley-Rope ſuſtains half of the 
Weight. Therefore when one End of if 


a moving Force applied to the other End, 


an the Weight. 


EXPERIMENT I. 
The Weight P of two Pound is joinei 


turning round of the Wheel is not hin- 
dered by it; the Rope ef is tied toil 
Hook, and the other End cd of = 


order to change its Direction; an "ol 
Weight M of r Pound applied to tun 
End ſuſtains the Weight P. 
| Seven 


442 


* Ph Hicks. Book. Chap. XIII. 


Several little Wheels may be joined to- 
ther as you pleaſe; and a Weight ap- 
Wicd to them; if then one end of the 


there is occaſion for, a great Weight 
Pay be lifted up by a ſmall Power. In 
A ch a Caſe, the greater the Number of 
4 he Wheels is, which are joined to the 
3 Tes ſo much the leſſer Power is ſuf- 

cient: to ſuſtain the Weight; (for the 


ST, 


5 he fixed Pullies) ; and a Power which is 
"© the Weight, as a Unit to double 
be Number of Wheels, counterpoiſes 
e Weight. Ys 34 5 WES 
© The Reaſon is, \hocanly that is the 
Wumber of the Ropes by which the 
eight is ſuſtained ; but the Power is 
1 8 to one Rope only. 
EXPERIMENT 2. 


1 the Ruler A B, in which three Wheels 
| te turned round freely, one end of the 
Hope is tied to a Hook, and the Rope 
bes round thoſe three Wheels, and as 
any other fixed; to the other end of the 
Pope a Weight of one Pound is tied: 
1 Und here is an Æquilibrium. 

Ex ERNIMENT 3, 4. 

It ſignifies nothing how the Wheels; are 
ed but the toregoing Diſpoſitioncannot 
10 4 cally made uſe of in raiſing Weights, 


1 Laion of the Power is not alter d by 


E 4 and 


Wope be fixed, and the Rope go round 
l thoſe little Wheels, and as many more 


The Weight P of ſix pounds i is joined Plate VI. 


Fig. 2. 


- 

* 
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58 Mathematical Elements 

* there fore Artificers uſe Wheels of al 

ferent Sizes, diſpoſed as in Figure 3; 1 

the Magnitude of the Wheels makes nf 
Alteration : And very frequently th 

Wheels are made to turn round the ſan 

Axle, which is the moſt 88 % 

na. ib. VI. Diſpofition of them, as in Fig. 4. And 
5+ in both theſe Caſes the Experiment ful 8 
ceeds as before in the former. 

When the End of the e 

Which h the foregoing Experiments wa 

Plate VI. ſuppoſed fixed, is join d to a Weight af 

Fig: 5. moveable Wheels, . the Ratio of cl 

Power to the Weight i is not then as 1 1 7 

double the Number of Wheels applied . N 7 

the Weight, but this double Numbe 4 

muſt be increaſed with Unity: And then 

the Ratio here, where two Wheels are; 

joined to the Weight, is as 1 to 5 * 

there are ſo many Ropes which fuſtain 

the Weight. | '4 

hs "1! "BD 2PERIMENT 5: -/ - * 
plate VII. If ſeveral Wheels, ſeparate and mo. f 

Fig. 1. veable, each having its own Rope, be u 
diſpoſed, as in Figure 1, they will very | 
much increaſe the Action of the Power; 
for the Action is doubled for every heel, 7 
ſo that for two 'tis fourfold, for three o 

eightfold, and fo on. 9 


The Rule I have frequently e to, bY 
namely, that the Spaces paſſed over by | 
the Weight and the Power, (when thoſe 
counterpoile each other) are to one _ b | 

| (act 


1 Phyſocks. Book 1. Chap XIV. 57 


Wher inverſly, as the Power to the Weight, 
nay be applied in all the Caſes above 
nentioned. 
the Hitherto we — all alas r 
fam ne Ropes parallel; the Difference which 
lou 2 Obliquity of the Ropes will occaſion 
ai 1 ve ſhall conſider hereafter. 
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ca 1907 the Wedge and the Screw. 
1 

1 to . now made it plain by what I 
ber have ſaid already, how a great Weight 
hen May be ſuſtained, or lifted up by the help 


fa (ſmall Power. The Art of Mecha- 
i icks is not confined. to theſe Ules only; 
i the Actions of Powers may be increaſed 
in all Caſes ; the Wedge, an Inſtrument 
d to ſplit Wood, and for ſeveral other 
5 1 Þurpoles, furniſhes us with a moſt. beau- 


0.4 

be 'F 0 Example of this. 

5 15 DEF1NI1TLION I. 

A Wedge is a Priſm of a moderate 118. 

l q = whole Bales are æquicrural Tri- Plate vr. 

„ þngles as A. Fig 6. 
79 DexrINITION 2. 

„ 1 Ihe height of the Triangle is the height 

1 7 5 Pf the Wedge, as Ab. 


Dex r- 
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119. 


120. 
Plate VI. 


Frg. 7. 


* Mathematical El ements | | 
Drrixrriox 3- 4 
The Baſis of the Triangle is called a N 
the Baſis of the Wedge, as ce. 
' DrerF1Nni1TION 4. 1 

The Edge of the Wedge is a right Lind 
— 92 joins the Vertices of the e Triangle 

as 

The Edge of the Wedge is applied toll 
the Wood which is to be ſplit, the Poweꝰ 
is the Stroke of the Mallet, by which 
the Wedge is thruſt-into the Wood. 3l 75 
When the whole Wedge is driven in 
the Space paſſed over by that Stroke, ole 
thoſe Strokes of the Mallet, is the bend \ By 
of the Wedge, which therefore ought u 1% 
be reckoned the Space paſſed over by the 7 * ed 
Power; but the Space which the Wood} MP 
yields back on both ſides, is half the Bak WP: 
of the Wedge. Hence it follows, at 
That the Power is to the Reſiſtance of! W 
the Wood, when it counterpoiſes it, ax M 
half the Baſe of the Wedge to its heighth  W 
What is here ſaid of the Reſiſtance « - in 
the Wood, may be- applied to all. other}! a 
Uſes of the Wedge. 1 
Two wooden Rulers A A, AA; ce 4 | 
in a parallel and horizontal Situation ack 


: 


ſuſtained by the Props BB, BB. 4 1 
On the inſide the Braſs Rulers CCl Y : 
CC, are joined to them. 


be 


Between them two Cylinders E, E, are 14 
moved, turning round on thin Braſs Axe 1 % 
by which they are rr. and whic 
jut 


5 7 
£5; 4 5 
8 2 
SIR WI: * 
n 
> 880 * 


4 11 | 
Pin ficks. Book I. Chap. XIV. 59 
| 4 out a little on each fide. The Baſis 
allo che Cylinders are larger than the Cy- 
ders themſelves, and are a little con- 
con the outſide, that they may not rub 
4 ainſt the Rulers EC, CC. In the 
Iadle of each Ruler A A, there are two 
lies d, d, which touch one another, 
d whole upper part agrees with the 
we Wight of the upper Ruler CC. | 
A Rope, in whoſe middle the Weight 
s hanged, is put round the Pullies d, d, 
i id both Ends of it tied to the Axle of 
e Cylinder E, by the help of a ſmall 
Baſs Plate with a Hole in it, thro! which 
2M Axle goes. After the ſame manner 
other Weight P is hanged to the Rope. 
he Cylinders therefore E, E, (by 
ans of the Weights PP, if they are 
= ba!) moving horizontally, and keeping 
Mir Axles parallel, will meet one another. 
Let there be a Wedge conſiſting of 
Jo wooden Planes E, E, which may form 
Angle at Pleaſure, by the help of the 
ew 22. | | 
FF Z EXPERIMENT. 
ei The Cylinders EE are ſeparated, by 
i Wedge PF being put between them, 
ch is depreſſed with the Weight M, and 
iin æquilibrio, when the Weight M, with 
Weight of the Wedge added to it, is 
he Weights P, P, as half the Baſe of 
5. Wedge to its Altitude. The Force 
þ vich which the Cylinders preſs to each 
. | other, 


« ard 
WO 


" " 
- 
f | — 


_ ether, and which muſt be overcome 


121. 
Plate VII. 
Fig. 8. 


to raiſe up Bodies. In every Revoluti 


on one {ide do agree with the Holla 
neſſes on the other ſide, as D E. 


dlements 


. * * . s ; ; 
* * * By : * ow 
9 : 1 
- s C 8 ** 
5 N 


order to ſeparate them, is in the ſtead} 
the Reſiſtance of the Wood; the Fg 
with which the Wedge is driven or dray 
between the Cylinders, vis. the Wei 
of the Wedge, together with the Wei 
M, is uſed here inſtead of the Stroke 
the Mallet; and ſo the foregoing Rule 
reduced to Experiment, and is confirm 
b it. "Ik =Y * a 
| "The Screw hath a very great Afang 
with the Wedge; it conſiſts of two Pa 

The firſt, which is called the inw 
Screw, is a Cylinder hollowed, as AR 

The ſecond, which is called the outwy 
Screw, and which differs according 
the various uſe the Machine is deſig 
for, is a Solid cylindrically hollowg 
whoſe concave Superficies is allo cut 
the fame manner; ſo that the Rif 


7 „ 


Theſe two Parts may be moved nf 
tually within each other, which in the 
of this Machine is requifite. Its chief 
is to ſqueeze or preſs Bodies, which | 
would have joined firmly together: 
this Machine the leaſt Power is ſ{ufficid 
to make the cloſeſt Compreſſion ti 
may be. The Screw may allo be appli 


— 


of this Machine, one part being ſuppe i 
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97 Phy/icks. Book I. Chap: XIV. 61 
and ſtill, the other is thruſt on the 
ance of the Interval between the two 
c ſpiral Lines. The Power for moving 
We Screw is applied to the Handle, or 
k, and then the Power which counter- 
Ws the Reſiſtance which is to be over- 
We, is to that Reſiſtance, as the above 
Wntioned Diſtance between the two 
Wt Turnings round of the ſpiral Lines, 
to the Perifery of the Circle paſſed 
19 nd from the Point of the Handle or 
k, to which the Power is applied 
the Way, or Space, paſſed over from 
"they Point or Plate, by which the Reſiſtance. 
i gvercome, hath that proportion to the 
Way of the Power. 1 
is to be obſerved here, that when, 
Power counter vails ariother Power in 
Hatſoever Machine, if one of the Powers 
ever fo little increaſed, it prevails, 
yoſing the Machine had no Friction, or 
bing in any of its Parts. But ſince 
Mee can be no ſuch perfect Machine, and 
M farts do rub one another, that rubbing 
r ttrition is to be overcome with a. 


” 


1 er, and as much as is neceſſary muſt 
added; which cannot be determined; 
Mathematical Reaſoning. In the 
ine mentioned laſt, there is a 
eenſible Attrition ov Rubbing, and of. 
eule, for by that the Machine is kept: 
due Poſition; and vrhen e 

sto act, is not a gitated by. a contrary. 

ws | Mueotion, 


2 x 4 
A *4Y 
_- = 1 
1 it's Fat 
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Mathematical Elements | 
Motion, nor return to its firſt Poſi rice 15 
by the Action of the Bodies which 1 4 
preſſed, or by the Gravity of the wege : of 
which are e lifted + ed 
1 Wn 
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Of Cimpound Machines 


E have now ſeen how a Machinf 9 
| may be compoſed of ſeveral Les 
vers, or Wheels; and how in thoſe Ma 4 
chines, 2 Power, i in order it may counter 7 . 
vail the Reſiſtance, muſt be to the Reſil?” I 
tance in a Ratio compounded of all t f 
Ratio's, which the Powers in each Ma 
chine would have to the Reſiſtance, i 
they were ſeparately applied. This Rv 2 
is of the fame Force in all other eompouufff 
Mach! ines. 7 
Not only ſeveral Machines of the ame, | 
fort may be joined, but a Machine may F 4 
be made ſeveral Ways of different Mr 
chines put together. This Matter wil 
be plain enough by an Example or two 9 
* rn IMENTr I. 
Let the Rope of a Pully be joined t to q 3 
the Axle in "He Wheel, at let a Power N 
be applied to the Wheel; and here,wher . 
| the Power is t ender'd five times 25 much . 


as ir was at kel, by the Pulley, and e 1 


t Ply TH Book I. Chap. XV. 6 ; 


ou rhe Diameter of the Axle is the third part 
ae © the Diameter of the Wheel, the Ratio 
7 of the Power to the Weight is compound- | 
L d of the Ratio'sof 1 to 5, and 1 to 3, 

Hund is therefore as 1 to 15; and therefore 
ne Pound Weight M ſuſtains the Weight 
WP, which weighs 15 Pounds. 

An Axle in a Wheel may be moved 123. 
ya Screw, but muſt have a Wheel with Plate VL 
eeth, and thoſe too inclining, or flo- F's- 9 
Ping a "little, as in the Wheel A, which is 
4 Moved by the help of the Screw BC. In 

this Caſe it is called a perpetual Screw, 
And is of great uſe to diminiſh or leſſen 
ne Power becauſe, to make one Revo- 

. en of the Wheel of the Screw, that 

. E, of the Handle by which the Screw is 

bioved, as many Revolutions, or Turnings 
9 Found, are required as 'the Wheel hath 
u Teeth. If another Wheel with Teeth 
3 5 added alſo to this, the Action of the 

Power will be further leſſen d very much. 
| EXPERIMENT 2. 
3 ' The Machine, Fig. 9. conſiſts of two Plate vi. 


heels, and a perpetual Screw, which Fig. 9- 
Wm £ moved by the Handle DE. Here when 


be Ratio of the Power is equivalent to 
RY he Weight, it is compounded of the Ra- 


wm 4 io of the Semi-diameter of the Axle of 
01 rhe laſt Wheel P, to the length 'ofiithe 
$Hndle'D E, and 'of the Ratio of the Re- 


4 oeltions, or Turnings round of this 
| bel, to the n round of the 
5 N Handle 


R 
i — 


turned round "five times, while the ſecot 1 | 


chines may 
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N 
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1275 6 Screws: En galt Ratie in (Hl 
chine is 1 to 30; the ſecond is 


thered from the Number of Teeth, il 
laſt Wheel F hath in its Circumference WF 
Teeth, the Axle of the firſt Wheel 
hath 7 Teeth, therefore the firſt Wheel 


is turning round once: But this firſt. ba 
36. Teeth, therefore the Screw mate 
many Revolutions or Turnings rows 
while this Wheel is turned round ond 
And the Compound Ratio of theſe twill 
1 to 180; which is the ſecond Raf | 
quir d. And the Compound Ratio of ti 1 4 
and the firſt Ratio 1 to 3o is the Ras 
to 5400, which would be the Rah, 
the Power to the Weight, ſuppoling tit 
were no Attrition or Rubbing of the br 
of the Machine; but ſince there is dl 
Rubbing in all, the Power mult be ver 0 
ſibly increas d above this ton bei 1 
it will be able to raiſe the Weight; veti 
greateſt Weigkt may be lifted up by 
leaſt Power. The length of the Stick s 
may be doubled, or increaſed more; TY 
by this the Action of the Power is 4 
bled or increaſed more. In this al ; 
ſtrong Man may be overcome by tt 1 
ſmalleſt Hair. 
Innumerable other compound ul 3 
be made, whoſe Forces 1 
after the ES manner, be determi 
by Com putatiqn, according to the Ru 
mention 9 | 


entioned in the Beginning of the Chap- 
r: Or by comparing the Way, or Space, 
aſſed over by the Power, with that paſ- 
ad over by the Weight, or any other 
Inpediment; and their Ratio is, the in- 
erſe Ratio of the Power, and of the 


eight, or other Impediment. 
Forces which acting contrary Ways are 
auivalent, are always equal; if there- 
re the Power is leſs in Intenſity 

ee Impediment, it ought to exceed it in 
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ſpect of the Way or Space paſſed over; 
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pr Forces can differ in no other Reſpect, 
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Concerning the Ne ewtonian 1 6 


for which Reaſon, unleſs it be moved by 3 
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N e we habe aid hiekidres, o 1 
T cerning Machines, we have co.. 
_ - Actions of Powers and 
Weigl Obſtacles, and-othe || 
Reſi _ ; Wwe make nmr proceed to ex. 
amine Bodies permitted to Pe 
and continuing in Motion, or falling down 4 
freely; and here, as thro all Phyſicks 10 
we muſt reaſon from Phænomena. "+ 

Sir Iſaac Newton gives us three Laws 
which I believe may ſerve to explain al 
that relates to Motion. 1 

LAW I. & 

All Bodies perſevere in the State f r 
or of moving uniformly directiy on, except- | Sc I 
ing in as much as they are forced to change | ö 
that State by Forces impreſſed on them. : 

We ſee Body is by its own Nature | 
ſluggiſh and incapable of moving it ſelf; |? 


EH 


* 


ſome foreign Saule it neceſlarily remains | 1 
v Ayslat reſt. i 
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A Body alſo once put in Motion wilk 
4 Continue moving, with the fame. Velocity. 
In the ſame right Line of Direction, as is, 
2 evident from daily Experiments: For we; 
| 8 hever ſee any Change made in Motion, 

put from ſome. Cauſe; but, ſince. Motion 
«| 3 a continual. chang hanging © of Place, how the 
danse of Place at the ſecond Moment 


1d proceed from the Ch 


*Duation of Mqtion, ſeems to me to be a 
1 F Matter entirely, u noven. Nevertheleſs, 
Knce it is a certain Phænomenon, it is w 
e accounted. 2 Law of Nature. 
„ LS 
7. Change of Motion is always Propor- 

bl ” Bai to the impreſſed motive Force, and is 

always made according to the Right Line in 
Vs, 1 4 *wbich that Force is impreſſe 
al * When another Force is ſuperadded to 
Body in Motion, to move it on in the 


| 41 Exitter and in Proportion to the new Im- 
. [rc ſion. 

ye When a new Impreſſion on is Contrary to 
the Motion of a Body, the Retardation 


re | Js Proportional to the m preſſion; ſo that 
If, double or triple Force produces a 
by double or triple Retardation. 

ins And in general all Forces. produce 


Changes in Motion, according to their 
ouvn Directions, and Proportional to their 
2 own Magnitudes, any other Actions of 
1 F 2 Forces 


ame Direction, the Motion is render >. 
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Forces involve a Contradiction; that vil þ 
appear more clearly by ſome Experiment. 
concerning oblique Forces, whic we 0 
ſpeak of hereafter. 2 1 
6 
Action and Re- action are always 4 s 
to, and contrary to each other, or the Ac} 
of two Bodies, mutually on each other, „ 
always equal, and their Direction are in 3 
contrary Farts. 9 I 
In what manner ſoever one Body * 


on another, we ſee it ſuffers an eq, EX J 
and contrary Re- action. I preſs a Sto 
with my Finger, my Finger is pre # 
equally by the Stone. A Horſe du + 
on a Chariot, and is equally drawn bei 


by the Chariot, for the Harneſs is equi 
N diſtended or ſtretched towards em 
A Body ĩs Mak againſt werber whit. 8 
ever Impreſſion is made, both ſuffer i 
equally, but their Impreſſions are contr. 
ry to each other ; this is fully confine 
by Experiments about the Collit ons 
8 1 
The Loadſtone draws the Iron to } 1 
_ is equally drawn by the Iron. 1 
EXPERIMENT 5. 8 | 

The Loadſtone M is ſuſp ended i 19 
that it may be moved eaſi ily, and tie. 
Iron being placed at a certain Diſtal 


from it, the Loadſtone approaches nt {| : 


to o the Iron; but draw the Iron back wa 
» befor 


7 Michs. Book I. Chap. XVI. 


os * Loadſtone comes quite to it, 
We Loadſtone follows the Iron, juſt af- 
"Fer the ſame Manner as Iron goes nearer 
Z 1 o the Loadſtone, and follows it when 
What is ſuſpended, and the Loadſtone is 
placed at a certain Diſtance from it. 

XK A Man fits in a Boat and pulls with a 
1 dope another as big, and as heavy loaded; 
e poth the Boats are moved equally, and 
S 1 neet in the Middle of the firſt Diſtance: 
1 one Boat be bigger than the other, or 


7 al eavier loaded, their Velocities are dif- 
qu rent in Proportion to the different Quan- 
3 Dries of Matter in each; but the Quan- 
el: ties of Motion are equal on both Sides, 
n ens aſide the Reſiſtance of Water, 
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c HA k. vn, | 
of the Acceleratio 08. And Rel 8 . 
dation of — Bodies. 9 


1 


3 
wo 
8 A 


D EFINIT 10 05. 1 = 
| Ceolerated Motion is that ub Z = 
Celerity is increaſe 00 every Mo. RB. | 
ment, 9 
DrrixirioR 1 "nn 
Retarded Motion is that Whole Ode. 1 
rity is leſſened every Moment. . 
The Force of Gravity acts continually 
on all Bodies, according to the Quantity "i 
of Matter! in them. When a Body fl 1 
freely, the Im preſſion of the firſt 3 * | 
is not deſtroyed in the ſecond, therefore | * 2 
the Impreſſion of the ſecond Motion 1 
ſuperaddèd, and fo of the reſt. There. 4 | 
— the Motion of 2 Body falling free) 
is an accelerateſ Motion; and indeed Si 
equally in equal. Times: Becauſe the i 
Force of Gravity as every Moment a. 
ter the ſame Manner, and therefore con- 
municates to the Body equal Celerity in 
equal Moments or Times; and therefore 0 
that G 1 which is acquired in the . 
Time Yr Uing, is "_ Proportional 
to [8 


1 


p * 


_FTiple, if the Time was triple, &c. 
Let the Line AB be put for the Plate VII. 
ET ime, and let A be the Beginning of the * 
ine; in the Triangle AB E the Lines 
V 22, 3 b, which are drawn Parallel 
o the Baſe thro' the Points 1, 2, 3, are 
Jo one another, as their Diſtances from A, 


. * : rn of 
* Sine iT eres. a os 
888 fy 
3 


Mathematical Lines, others be added 


m- made up of ſuch little Times, and the 
n Area of the Triangle AB E is made up 
of the Sum of all theſe little Superficies, 


answering to the little Times. There- 
tore this Area repreſents the Space paſſed 
bo ; F 4. | th ro 


Ih 


Plate VII. 
Fig. 4. 


is falling. =. 


thro' it, in making the Experiments the. 


Mathematical Elements 
thro' in the Time A B. After the ang 2 
manner in the Area of the Triangle A1 
repreſents the Space gone over in t. 
Time A 1; theſe Triangles are fimil* 

and their Areas are to one e another; as ell 
Squares of the Sides A B, A r, that i 
the Spaces gone thro' from the Beginnig . 
of the Falling are to one another as . = 
Squares of the Times in which the 9 . 


This Propoſition is reduced to an Ex. - 
periment by the following Machine. i 

The Balance A B, with one Scales 
it, is exactly in equilibrio, when a Weight E 
is put into the Scale, the Iron Gnom 5 
{ſupports the Arm A and the Horizont! 
Scituation of the Balance preſerved : Tit 
this Gnomon, a thin Elaſtick Plate {| # 
is joined in f, which being extende( 
reaches to 1, where the Extremity g 1 
held by the very thin Plate j, which jon? 
to the — A. the leaſt Motion of th 
Balance is by that Means to be perceiveſ L 
the Plate fg in this Caſe continuing fee 
and returning into the Figure f g. ther 
is a Hole in the End of the Arm B, tho 
which a Thread paſſes eaſily, and is tie 
to the Hook D. This Thread is kept if Are 
a vertical Scituation , by hanging tie 
Weight Nto it. Ire 

Tbe Weight M hath a Hole thro it r 
and the Thread j juſt mentioned pu 


Weigr : 
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weight M is lifted up according to the 

Tread, and when it falls, always hits 

he he ſame Point of the Arm P. 
EXPERIMENT. 

The Weight P of one Pound is put i in- 


0 
\ F 
0 ; 


lar, 


Jom a Height of three Inches, moves the 
balance. When the Weight P is of two 
3 ound, and at the ſame Time falls from 


moved. But if the Weight P weigh- 
Y g three Pound be put into the Scale, a 


P move the Scale. And in all theſe Ca- 
Es, if the Height, from which the Body 
M falls, be diminiſhed but a little, the 
Fele with the Weight in it will not be 
: moved. 

1 In this Experiment the Weight put in 
de Ke Scale, and which is lifted up by the 
2 = oke of the Body, is Proportional to 
he Stroke; but the Stroke is Proportio- 
al to the Quantity of -Motion in the Bo- 


1 V, and that Quantity, becauſe we ſpeak 
lee t the ſame Body, is Proportional to its 
cherÞ f Pelerity: And laftl his Celerity, is 
throÞy Froportional to the 5 50 of its falling, 
tief Pere fore the above-mention'd Weights 
pt ire as the Time. But the Weights here 


ti Ire as the Numbers 1, 5 therefore ſo 


5 Ire the Times too; but the Spaces paſſed 
1 ver in thoſe Times are as 3, 12,27, or 
es a8 

cg 


Y 
A 
£ 


til & the Scale, and the Weight M falling 


Height of twelve Inches, the Balance 


Height of twenty-ſeven Inches is 3 | 
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Thee VII. Parts. A 1, 1, 2, 2, 3, 3, let Lines Pra 
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Squares of the former. . 
Let the Time A B be divided into eq 
the Baſe be drawn thro' the Diviſions, tl a 
Spaces paſſed over in thoſe Parts of Tin 5 
that is, in the firft, ſecond and ti 
Momentum, fu ppoſing the Momenta' \ 2 
all equal, are to one another as the T7 b 
reas Arfrſg 2, 2353, 3 b, 1 1 
which Area's, as it is plain from the bw 
Infpe&ion of the Figure, are to one a 
ther” as the odd Numbers 1, 3,7, 9 
If a Body, after it had fell ford 
Time AB, were not accelerated 1 . by 
more, but would uniformly continue i 
Motion with the Celerity B E, which! ben 
bad acquired by that Fall, for an eqr iy 
Time BC a Space paſſed over by ti 
Motion, may be repreſented by the Ar We 
BED C, the Double of the Tr P 
And therefore, 6 
A Body falling freely from what Heil 
foever, with that Celerity which is 1 
queen of by falling in a Time equal i 
at of its Fall, will with an equi u 
Motion paſs thro a Space double 
of the above-mention'd Height. 9 
This Propoſition is confirmed by 4 
Experiment hereafter, | 1 


< 


—_ top þ — Ek 8 : 
I 7194s. Book I. Chap XVII. 55 
th The Motion of a Body thrown up- 
ards is retarded after the ſamè anner, 
TEES the Motion of a Body falling is accele- 
ted and according to the ſecond Latv. In 
t ie latter Cafe the Force of Gravity con- 
Wires with the Motion acquired, in the 
Irmer it acts contrary; but ſince the 
rce of Gravity is equal in every Mo 
enum, the Motion of a Body thrown 
p wards is equally diminiſned or 'retard- 
de in equal Times. 
way The lame Force of Gravity begets Mo- 136. 
on in a Body falling, and deſtroys it in 
Body aſcending ; therefore the ſame 
Forces are begot or deſtroyed in equal 
ne! Times. A Body thrown upwards aſ- 
nich, ends till it loſes all its Motion, and ſo 
eq: ſcends for a Time, in which a Body by 
tu Alling might gain a Velocity equal to the 
A elocity with which the former is thrown 
% % / 0 
Let a Body be thrown upwards with Place VII. 
Ne Velocity acquired, by fälling along £5: 
e Line B C, it will aſcend for a Time * 
Hual to that of its Fall; and with an e- 
able Motion in that Time, comes to 
e Height C A, the Double of B C; 
ut in that very ſame Time, by the 
"Force of Gravity, 'a Body paſſes over a 
pace equal to the Space A B, or BC. 
Ince both theſe things take place here, 
d theſe Motions act contrary to each 
ther, the leſs is to be ſubſtracted from the 
1 greater; 
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1 therefor e a Body at the End & 1 F 
137. his Aſcent i is in B. From -whence it 1 
138. lows that a Body thrown upwards d 2 
aſcend to the ſame Height, from which 4 
could gain by falling, a Velocity eq 
to that with which it was thrown vl 
wards. And ſo the Heights to which 1 
dies thrown upwards with different M 
locities may aſcend, are to each other 
the e of thoſe Velocities 3 


of the 3 cent f FE wa I 


on an inclined Plane. 


DIN IT ION 1. 'F 
Plane is called inclined that i 
an Oblique Angle with the iy F 1 


= B repreſents 2 Line Parallel to al | 
Hotizon AB makes an oblique AY 
ABC with it, and repreſents the inclin% 
Plane; from the upper End of the Pl l. 
the Line AC. is let down 3 AF 
to the Horizon. BY 


EE 
- Fx, IO =; ; | 7 25 
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DrINIT ION 2. 


"= of the Planes: 
1 DTIINI 110 N * 
The Line A C is called the Height: * 
he Plane. 
Let two equal Bae led by the 
= orce of Gr avity, from the Point A, 
ne by the Line AB, the other by the 
ine AC; when they are come to the 
Points A ane C, they have deſcended 
=$&qually, that is, they have equally ap- 
Proached the Center of the Earth; there- 
ore the Forces with which they are dri- 
5 Nen when they are directed towards the 
= Center of the Earth are equal; but the 
ntenſities of equal Forces are reciprocal- 
+» as the Spaces paſſed through, therefore 
pere the Intenſi ity of the Force, by which 
be Body is driven along the inclined 
_— is to the Intenſity of the ſame, by 
b hich it is driven directly towards the 
el enter of the Earth, as A C to AB; a 
I - therefore placed on an inclined 
0 ol Plane, loſes Part of its Gravity; ; and a 
uy eight ſufficient to ſuſtain it, is to the 
cli, {A eight of the Bbdy as the Height of the 
Pau plane is to its Length. = 


8 


Ss timed? round on Hinges, and may. be 
Di — in any Inclination by the Help of 
9 the 


"The Length HB is called che Lengrh 


140. 


14 


8 be Plane NO QL i 18 placed i in an Ho- 143. 
rizontal Scituation. The Plane A BIH —_ VIE 


8˙ 


it is moved, 


by the Screw below the Plane. 


linder may pats thro' its Extremities, al . 


Mathematical Elements 
the Screw V, and the Quadrant of a Cir 
cet. 3 5, 1 

A wooden Ruler EP bath the Pally E | 
b joined to one End of it, and turns round 
on the other, and its Head D, oh which 3 
is joined to the Plane 1 
NO QL, every where in the Gruve 79 3 


M is a wooden Cylinder, with a Bl 
Azle. and -whoſe Baſes jut out a link 1 
beyond the Cylinder, ſo that in. a Re, 
lution, - or- turning round on the Pla- 
AB IH, the Baſes only touch the Plane. 
Let the Cylinder be held up by 
Thread paſſing over the Pulley 6, ani} 
which is tied to a thin Braſs Ruler, beni 
in ſuch a manner that the Axle of the Cy 


> 0 


— 


wall 


5 
a 


„ 
5 ih f 2 : 


be turned round. | 
In making of Experiments the Pulle 
is diſpoſed thus, by inclining or bending? 3 | 
down the Ruler E F, and moving the | 
Head D thro'the Cut vg, that the Thread 
with which the Cylinder i is kept up mj 
be Parallel to the inclined Plane A 5 I 4 
EX PERIMENT I. 

Let the Plane A B IAH be inclined «| 
Pleaſure, the Weight of the Body NM hatl 
the ſame Proportion to the Weight P, a 
the Length of the Plane AB hath tas 
1 8 AG, and the 10 _— |! 
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/ Phyſicks. Rook I. Chap. XVIII. 
1. ſuſtained by the Weight P upon the in- 
clined Plane, let it be put where it will. 
Since the Force by which a Body de- 
ſcends upon an inclined Plane ariſes from 


its Gravity, it is of the ſame Nature with - 


Gravity, and therefore that Force, at all 
Moments, and on all Parts of the Plane, 
iss equal: For the ſame Cauſe the Motion 
rab of a Body rolling down freely on an in- 

Iclined Plane, is of the ſame Nature with 
the Motion of a Body falling down free- 
y, and what hath been ſaid of the latter 
; may be affirmed of the former. Motion 


Times, and fo the Propoſitions number'd 
4 1 30,131, 133, 134, 135, 136, 137, and 
138, here too take Place, and are of 
equal Force, if the Motion upon the in- 
cälined Plahe be put for a direct Aſcent or 
= Deſcent, 1 11 
The Forces with which two Bodies 
2 deſcend, one of which falls freely, and 
the other is rolled down upon an inclined 
mij] Plane, if they begin to fall at the ſame 
Time, are always to each other in the 
2 ſame Ratio, as in the Beginning of their 
Fall: The Effects therefore of thoſe For- 
ces, that is, the Spaces gone thro' in the 
„ as ſame Time, are in the ſame Ratio, namely, 
that of the Length of the Plane to its 
Height. W : 


Quits Þþ 


= therefore is equably accelerated in equal 
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Plate VII. 1o the Plane A B the Space iſſed oval 
8 by a Body, while another 15 dom, 
freely; tho the Height of the Plane Ac, 
14: is determined drawing CG perpend 2 
f | 1 cular to AB; or, then the Length of 9) tie 
mw Plane AB i is to its Height A C, as A 
to AG. If a Circa? be deſcribed will 
"e the Diameter AC, the Point G will k 4 
it, | in the Circumference of the Circle; be 1 
= cauſe the Angle in. a Semicircle, as AG 
1 is always a right Angle, and therefore 
} Point as &, for a Plane however incline. 
mw is always in the. lame Circumference 1 
i Chords, as A B, are paſſed over by i 
i dies rolling, l upon them, in th 
9 Time a Body falling freely might pi, 
it: ouer the Diameter AC; and therefor, 
ti the Times of the Dewolutions along tho 
{ Chords are equal. No Chord, as HC 
W's can be drawn thro the Point C, but ther F 


1 


| 
it 5 oY bea Chord, a8 AG drawn Paal I 


TY 
* 
1 
1 . 
a 
bs I 
s © x5 
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i ed 1 Chard, as H Cr it wil l f 
i arrive, at. th weſt Point of the Semi- A 
n c5 2n:14 30 10 5. 9 0 


The Time of Dewvolatzon, or rolling 
4 Jäwn along the Plane A B, may be com- 
pared with the Time of Deſcent along 
the Height A C; for this Time is equal 
to that of the De bolarion along A G, and 
boo the Squares of thoſe Times are to one 
another, as AB to AG: But A B is to 
AC), as A C to AG: Therefore, the 
8 Square: of the Lines A B and A C, are 
to one another as A B to AG; 5 8 
cherefore, thoſe Lines AB and A 
to one another as the Times of Deſtin 
along AB, and A G, or AC, that is, 
E % Times in this Caſe are as the 1 
* paſſed Over „3 


nd of the Deſcent are equal; for ſince 


Times, the Velocities are in the fame 
Nat io, as in the Beginning of the Fall; 
] that is, as the Forces with which the Bo- 
dies are driven, or as AC to AB. When 
a Body deſcends from & to B, the Velo- 
city increaſes, as the Time; and the Ve- 
bocity in & is to the Velocity in B, as 
AC is to AB; che Velocities therefore 
in B and C, have the ſame Proportion 
o the Velocity in &, and are equal. 
From hence we collect, that a Body ac- 
[FX ures the ſame Velocity, by falling from 
ga certain Height, whether it fall directly or 
roll down on an inclined Plane; and ſince 
ce Angle of Inclination makes no Alte- 
ag & ration, 


: 2 In this Caſe too, che velocities at the | 
» 70 the Bodies are in & und C after equal 
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Plate VII. the Height AC; along the Curve B 
Fis: 9. and along the Curvr B C, and: the Cum 


veral Circles, and in every / Fall; it wil 


ration, a Body may be rolled aa 
along ſeveral. Planes, with different h. 
clinatians, and allo-along a crooked one 
which may be conceiv'd to be formed d 
innumerable Planes differently inclin' d 
and the Celerity will always be! the ſame 
e the Height is equal... 
EM ERTMEND A. 23 0 
1 is to be: taken Notice of in this Ex | 
periment, Iqhat the Body ſuſpended by 
Thread, and which deſcribes a Curve u 
__ falls in tlie fame Manner, asi 
t paſſed over that Curve, hollowedci 
—* Plane, without rubbing. Let the Bulf 
dy P, ſuſpended by a Thread, fall fran 


EFG C, formied out the Portions of ki 


ſtrike upon the Body Q at Reſt, with the 
lame Force, and wi drive It to the ſame 
Meigut. 32 03) A | vs -l 

A Body may with: the Game Velocity | 
ch is acquired by falling along ay 
Plane or - Cutve Superficies, aſcend u 
other like Superficies to the ſame Height 
in the ſame Time. 1 t 
„ ABody may with the ſrots Celerity 
it ita by falling from a certaii 
Height, aſcend tothe lame Nee * 
long ang Curve whatſoever. t 
gS2tt BERN, and Ban e s no 
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„ Phyjicks. Bodk I. Chap. XIX. 83 
„i EX RIER IMA Mi a 

12 the Body N. which 15 ſuſp ended Fg. "i 

WJ by a Thread, fall from the Height AC, | 

A * any Curve Line B C, by the Ve- 

| Jocity, which it acquired, it wil aſcend 

to the ſame Height towards another Part 

Pg. beer C Ds or FIR C H, & F. 
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of the Oſcillation of. Pendulums. 
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Heavy Body, ſuſpended: be 4 very 
thin Thread, and moveable, toge-: 
ther with the Thread about a fixt Point 
of the Thread, is called a Pendulum. 71 
= The Motion of the Pendulum cj is vie 
bratory, or oſcillatory 

When the Weight! is lifted up. on one 
Side, the Thread being extended, it de- 
ſcends by its Gravity, and by the Cele: 
rity acquired, aſcends to the ſame Height 
towards the other Side; then by its Gra- 
vity again returns, and ſo continues its 
Vibrations. „ 

We ſuppoſe bete the moſt Fs Rota- 
Gan: about the Point of Suſpenſion, and 
that there is no Reſiſtance from the Air, 
G 2 which 


153+ 


. therefdre, in the Time of one whole Vi- 


al Mathematical Elements 
Which yet in” 1 Pendulums is vii 
very ſmall. on FR 
= The Body D Uo fexibes by its 1 
Thr a Portion of a Circle PB E; if inſtead of 
1. © thar Motion the Body ſhould' deſcend 
along the Chord PB, and àſeend again 
along the Chord B E, and fo Mord per- 
form its Vibration along the Chords, the 
Deſcent would be made in the Time, a 
Body in falling could paſs along the 
Diameter A B, that is, a Length double 
that of the Nada te kent too 
along the Chord B F, in an equal Time; 
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bration, a Body by falling might paſs 
along four Diameters, that is, a Length 
eight Times as much as that of the Pon- 
dum. And fince the Alcent and De- 
ſcent along all the Chords is made itt 
equal Time, all Vibrations along great or 
little Chords, take up che ſame Time, 
In” final Vibrations; 'the Arches of the 
Circle do not differ ſenſi ibly ' from the 
Mords; and the little Vibrations of the 
fie Pendulum, the” they are une qual, 
de yet take up equal Time. 
pic. EXTERNE NT I. 
VIII. f to equal Peudulinmns, CP and c 2 
Fig. 4. be let go at the ſufrie Moment of Tune 
from the Points Pand p, they will at the 
fame Tune Rach the POmts and h; and 
* Fand f; If 10 r conti. 
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of Phyjicks. Book I. Chap. XIX. 
nue their Motion along the Arches PBE, 
and pb J, in the lame. Time. 
It is to be obſerved here; tho the Pros 
polition, Number 155, be true in all 
Pendulums, yet the Demonſtration we 
have given, doth not take Place, and 
'ove it, hut in Caſes of ſhorter Pendu: 
6. In the longer, the time of De- 
ſcent along the Chord differs very ſenſi- 
bly from the time of the Deſcent along 
an Arch of the ſame Chord: But in ſmall 
Arches; the Differences are equal with 


reſpe& ot the Chords of tr 


Lengths... Las rt 
Let the Circle F B be ee Soon 
upon tbe Line AD, till the Point B 


reach this Line in A; by this Motion the is 


Point B deſcribes chat Portion of a Curve 
BP A, by the ſame Manner the Pottion 
B D, of a like Curve; is deſcribed; and 
the whole Curve AB D is called a Gbois. 
Let it be divided into two equal Parts 
in B, and let the Portions BA and B D 
be ſo diſpoſed, that the Points A and D 
may be joined together in C, then the 
Point B will coincide with the Points 
A and D of the Line A D. Let Plates 
of any Metal too be bent exactly accor- 
ding to the Curvature T of theſe Por- 


Plate 
TY 


tions; ſo that the Thread of the Pendu- 


lum hang'd in C by its vibrating Motion, 
may apply it ſelf on both Sides to thoſe 


Plates, and acquire the ſame Curvature 


G 3 they 


156. 


157. 


bebe Eline 0 
thay have. Now having ſuppoſed the 


Length of Gs — C B, the Bo- 


dy P in its Vibrations; will deſcribe the 
Cyclois AB D. . b 
This Curve hath ehis Pro ng phat! 
let the Body be put in whatſoever Point, 
the Force, with which it will be carry d 
re Weight along that Curve, is pro- 
nal to that Portion of the Curve, 
between this Point and the loweſt Por- 
tion of the Curve B. From whence it 
follows, if two Pendulums as C P be let 
go from different Heights at tlie ſame 
Moment, the Velocities, with Which 
2 begin to fall, are to one another as 
the Spaces to be paſſed over before they 
come to B. If therefore they ſhould be 
driven by thofe Forces only, without an 
accelelerated Motion, they would come 
to B at the ſame Moment of Time; and 
after the ſame - Manner, by Forces ac- 
quired in the ſecond Moment, they 
would reach B the ſame Moment; and 
the ſame Reaſotiing is to be uſed in the 
following Moments; and the half Vo- 
brations by all the Forces joined, how- 
ever unequal ' they are, as alſo the 
whole Vibrations, are performed in the 
ſame Times. 
It is farther) demonſtrated by @epme: 
ters, that the Time of every Vibration 


is to the Time of a Vertical fall along 


_ the Length of the Pendulum, as the 
Circum- 


3 


of Phyſicks. Book I. Chap. XIX. 87 
Circumference of the Circle to its Dia- 


o- meter. In this Curve, the loweſt Part 

he coincides with a ſmall Arche of the Cir- 

Wa cle, in Appearance: And this is the true 

it, Reaſon, why in à Circle the Times of 

It, ſmall Vibrations, however unequal, are- 

'd equal; and therefore tlie Durations of 

o- thoſe Vibrations is to the Time of the 

e, Vertical, fall in the juſt mEntoned Ratio 

r- or Proportion. 50 

it The Dutations of che Vibrations: of 168. 
et unequal Pendulums, may be compared my 
ne to one another; when the Atches are 

ch ſimilar, the Deviations; in Reſpect of the 

as Chords; are ſimilar, and the Times of 


the Vibrations along the Arches, are as 
the Times of their Vibrations along the 
Chords: But theſe are as the Times of 
the Deſcent eight times the Lengths of 
the Pendulum; and ſo the Squares of 
the Durations are as thoſe eight-fold 
Lengths, or as the Lengths chemlelyes 
of the Pendulum. i 
Exvt xr 2 |! op, 
Ts Pendulums d, c p, whoſe VIII. 
Lengths-are as four to one, are let go at Fit: 5: 
the ſame time from the Points P and p; 


b that they may deſcribe ſimilar Arches 
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ty their Vibrations; the greater Pendu- 
© Im makes but one Vibration, while the 
n kfler - performs two; and therefore the 


ee of the two Durations are as four 
„ to 


88 


159. 


pe 


2 ——̃ ů Wr —— —2— 


* 


to one; that is, as the Lengths of the 


Pendulums,. 2:4) 1 7 1 FELL 
When the Vibrations are ſmall, this 


Proportion continues, although the Pen- 
dulums be not vibrated along ſimilar 


Arches. 


loweſt Point, in ynequal Vibrations, are 


to one another as the Subtenſes of the 
Arches which the Body deſcribes in de- 
ſcending; ſo the Velocity of the Body P, 
which falls along the Arch P B, is to its 
Velocity when it falls along D B, as the 
Chord P B is to the Chord DB; for by 
drawing in the Circle, the Lines Pf D d. 
parallel to the Horizon, the Squares of. 
the above mentioned Chords are to one 
another as the Lines f B, d B: But the 
the Squares of the aforementioned Velo- 
cities, are alſo as thoſe Lines f B dE; 
therefore the Velocities are as tlie 
Chords. E 1 

It muſt be obſerved concerning every 
thing which hath been hitherto ſaid of 
Pendulums, that it is of no Conſequence 


of what Magnitude a Weight be in a Pen- 


dulum, or whether the Weights in two 
Pendulums be of different Magnitudes, 
or different Matter; ſince the Force o 


Gravity is proportional to the Quantity! 


of Matter in all Bodies, all Bodies in th: 
lame Circumſtances are moved equal) 
. ſwit 


of Phyficks. Book 1. Chap. XIX. 55 
> I Gift by their Gravity, which is alſo con- 
med by the following Experiment. 

5 EXPEREMENT. 3 
" Þ Let there be ph equal or weg 
q | Globes or Balls; the one of Lead, the 
other of Ivory; " letheth de ſuſpended by 
” I Threads, ſo as to make equal Penduluuns, 
equal. Vibrations in ſmall ones, howe- 
ver 3 laſt the ſame Time. 
5 uently inſtead of a Thread, a thin, 16:. 
but , Iron Rod:is uſed, and ſometimes 


2 

K 

two or more Weights are joined to it, 

e and it is called a Compound Pendulum. 

In this Cafe the above- e ok Rules 

A | do not take Place ; but thoſe Pendulums 

are reduced to the Simple, by determina- 

ting a Point in them, in which, if the 

Weightswere joined, the Vibrations would 
be equally laſting with the Vibrations of 
the compound Pendulum. This Point is 


called the Center of Oſcillation. 

The Center of Percuſſion in a com- «52. 
y. pound Pendulum, is the Point in which 
ft the whole Force of the Pendulum is as it 


2 were collected tagether ; ſo that if this 


Point ſhoud ſtrike againſt a Bar, the 
o Stroke would be greater than if any o- 
s. ther Point ſhould ſtrike againſt it. 

0: In a Vacuum, as in a Medium, which 
t makes no Reſiſtance, theſe two Centers 


2 oOincide, which alſo, with Reſpect to our 
* Senſes, is true in Air, becauſe of its {mall 
it [*cliſtance, | | 4 
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Mathematical Elimentis 


A Body of whatſoever Figure mepibe 
ſuſpended and vibrated round a Point, or 
rather round an Axle: The Point of Of. 
cillation may be alſo Adr im that. 

When a right Line: ſuch as the Wire is 
is vibrated about the other Extremity, the 
Center of Oſcillation is diſtant fon the 
Point of Suſpenſion _— e of the 
Length of the Wire. r 19; 

ö EX IA II EN T 4. oY 

The Iron Plate AB is > OT in 
ſuch 4 Manner as to be vibrated about 
the Extremity A: The ſimple Pendulum 
CP, whoſe Length is two Thirds of AB, 
is let go the ſame Time with the Plate; 
and the Vibration of the Pendulum- ahd 
of the Plate are beformed at the ame 
-T me: <5: wy 


Vibrations, however dnequal; of pen. [ 
dulums, as we have ſaid before, are e- 
qually laſting, and this Property of Pen. 


dulums is of great Uſe in Clocks, whuct 


have an equable Motion communicate 


to them by the Addition ofa Pendulum. 
By Clocks being carried into different 
Places, it was firſt diſcovered that tie 
Force of Gravity was not in every Patt 
of the Earth equal, becauſe the Vibr- 
tions of the ſame Pendulum in reſpec 
of Time, in different Countries, were 
found to be unequal, and that Diver 
iy of Gravity. is meaſured 44 Pendi. 
uuns. 


Let i 


J Let there be two Pendulums, whoſe 
I Lengths are to one another, as the For- 
ces of the Wray with which they are 
. moved: If they ſhall move over ſimilar 
, Arches, in correſponding Points, the For- 
e ces will have always the ſame Propor- 
e WW tion to one another and the ſame as that 


cauſe the Arches are ſimilar as the Length 
of the Pendulums ) they then will be 
in WW paſſed over in equal Times; that is, the 
Vibrations will be equally —_— 


m If theſe two Pendulums be reduced to 


„ one _ the one being changed, the 


e; en the Time of the Vibration of 
nd ofthe changed Pendulum, is to the Square 


of the Time before the Change (that is, to 
the Square of the Time of the Vibration of 


che Pendulum which is not changed) as 


the Length of the Pendulum after Change, 
is to its firſt Length. And theſe Lengths 
are to one another, as the Force of the 
Gravity in the Pendulum, which is not 
changed, to the Force of the Gravity in 
the Pendulum which is changed; and 
therefore the Squares of the Times of 
Vibrations in unequal Pendulum are to 
one another 57 50 as the Forces of the 
Gravity with which the Pendulums are 
moved; which therefore are to one ano- 
| ther, directly as the Squares of Vibra- 
tions performed in the ſame Time. 


Let 1 But 
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of their Spaces to be paſſed over (be- 
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i565, But from whence this Diverſity of Gia 
_  vity ariſes, we ſhall ſee hereafter, when 
we ſpeak of the Fagurs of: the Earth. "72 


— 


55 


3 H * Pe. X : 21 0 
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of Percoff on, oh 105 Communt 
cation of Motion. _ 


1 LV E RY Body at Reſt; and not ec 
'Þ tained by any Obſtacle, may be ph 
| Med on by any other Body ; and being 
1 once moved, will continue in Motion um 
| ill it be hindred by ſome foreign Caulgy 
that Cauſe is frequently the Stroke g 
this Body hitting that, or that this,. ar o 

both hitting each other. : 
Tbe Laws which take Place in ſuch 
a Percuſſion, are here to be explained 
All the Bodies we ſhall treat of her 
are ſuppoſed to be ſpherical, becauſe th 
Laws of Motion ought to be examines 

in the moſt ſimple Caſe. 

DEIN TT ION 7. 
15%, A Body is ſaid to be ſtruck directly; 2 
gainſt another, or two Bodies to be d 
rectly ſtruck againſt each other, when the 
Direction of Motion, or of their Motion 
** thro the Centers of both Bodies. 
Dt 
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Drrix ir ION 2. 
ln every other Caſe, a Stroke is laid to 
oblique; when Elaſtick Bodies ſtrike 
inſt each other, the Parts ſtruck, yield 
ardly, and the Bodies repel one ano- 
Mer mutually by the Reſtitution of their 
F ts and are ſeparared from each o- 
Win ſoft, or perfectly hard Bodies, chere 
no ſuch Action, and therefore, in a 
ect Striking together, they are not ſe- 
Writed after the Stroke; becauſe after 
We Mecting, as well as before; the Bo- 
are moved in the ſame Line; be- 
W Wiſe there is nothing which ſhould: 
Wnge the Direction. 
4 Wn this Chapter I ſhall treat of the 
cuſſion of Bodies which are not elaſ- 
and imthis, and the following Chap- 
q , ſhall ſpeak of dire& Percuſſion, and 
Wl! confirm what I ſhall advance by 
periments, which may be made by the 
[Sip of the following Machine. 
f FA BC is a wooden Table almoſt tri- 
Wular and vertical, above four Foot and g . 
Half high, and three Foot broad, a- 
ut the Baſis of the Triangle. 
n the upper Part there is an Opening 
parallel to the Horizon, thro”. which : 
% ſquare Beums, and ſometimes! more, 
moved, whicty every” whefe on the 
ver Part of the Table are” fixed 
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Mathematical Elements 
eee with Screws, as appearsh 
the Figure of the Beams in V. 

Upon every Beam the ſquare. Th 
X is moved, and may be firmly join 
with it through the whole Length of g 
Beam, by the Screw e in the upper Pali 
in the lower Part, little Hooks are 0 
ed to theſe Tubes, which thin Thru 
(or rather | the Strings, of a Harp) 
thro and ſuſtain the Globes, as P andi 
thoſe Threads are joined to Pins 5 
turning of which the Globes are eit f 
elevated or depreſſed... | 

The Beam by which any Globe; i | : 
tained, is fixed in the Place where is t 
Gruve sf, that its Center may be exat | 
diſtant from: the Line A D, which i : 
vides the Table vertically into two equ 
Parts, the Space of half the Diameter ch 
the Globe. And this is done for all ti F th 
Globes by Marks in the Superticigs of til 2 
Table. F þ 

The Tube wich, þ Hook; by whil 
the Globe is ſuſpended, is fixed to ſs 
Beam in ſuch a manner, that the T href 
may be diſtant from the Table's Supe 
ficies, a little more than, half a Dians 7 
ter of the Globe; and there are Du 
ſions marked in the;Peams ; by wüicg 
according to the Magnitude of. yp ; 
Globe, tlie Veituatt0n 0 ww mo 


Waſh 


1 
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„ Wen two Globes are applied, dhe 
a Line AD ſeparates them; and in that 
Tu Caſe; as alſo when more are applied, if 
Di be of different Magnitudes, the 
* greateſt Globe determines the Diſtance 
Pal of che leſſer from the Table; and the 
u Tubes are moved to the Diviſions of 
91 che Beams — to them, that the 
McCenters of albthe Globes may be equal - 
il iy diſtant from the Table. Their Cen- 
i 


Wy Pins, which. is to be taken Pokey 
„of in all Experiments. 
4 Two Braſs Rulers, EG, EG, ate pla: 
Ificies of the Table, that it might receive 
them; is hollowed 4 little, that their Su- 
| I perficies may join with the Superficies of 
| Tche Table. In the hinder Patt of both 
lt the Rules, the Table is cut, and a Screw 
Joined to the Ruler, paſſes through the 
L Opening, which is about five Inches long; 
by which Means the Ruler is kept fix'd 


ng all the Lengths of the Sciſſure, or 


11 
ape king Experiments, the Diſtance of tlie 
End Gof both the Rulers from the Line 
AD, is the Semidiameter of the Globe, 
/ which is fuſpetded-at the lame Fart of 
W this Line hf 4 any 46 
„ -Lhoſe: Rulers\-ate- divided: tho eh a 
Manner, as to denote the equal Angles 
q paiſed 


* 


ars are reduced to the ſame Altitude 


Iced parallel to the Horizon; the Super- 


Place that is cut in the Table. In ma- 
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96 * Mathimatical Element 
| Allee by the Threads, by whichit 


| ſured on one Side. „on 07 n 


= 


Globes are fiiſpended. +118 Q 
For N theſe Angles in in Raad Si 
riments, there are four Indices, twb ger th 
ter MM, and two leſſer NAW. ꝗth 
Tbe Indices are moved along -thak B. 
Cuttings Ir, and are fixed by Screifil th 
to the hinder Part of the Table at P fo 
{ure ; the Superficies of the Table is hol * 
lowed a little along thoſe Quttings, to 
direct the Motion of the Indices; I Si 
greater Beach to the End of the Tabk Wil pe 
tho' the End of the ann is dif de 
three Inches: [of ci 
The ſeparate Figure M gives che Re 
der the Delineation of the greater n 
which hath'the Plate a b, which is mo L 
ved along tie Cavity in the Superficeſſy 1 
of the Table, 2 K is an Index nomilt of 
that Plate, — about three Inches long. 
N allo exhibits a ſeparate Figure d * 
the leſſer Indices, whichare of the Lengi .- 
of half the Diameters of the leaſt Globe: (ll fo 
which are apply'd to the Machine, u 50 
who have their Dicimeters an Inch andi ©) 
Half long, for the more commodiou H 
08 Theſe Indices are placed among th tf 
greater, betrauſe the Motion of the Globes 6 
is not hindered hy them; 5 ometimes beth | H 
the leſſer are fixed in the Cutting in the | 8 
Table, whenthree Angles ars to ben mer Wl: 


N 
F 
— — * 
2 
N 
1 
; 
: 


if Bly ſacks. Book Chap. XIX. 97. 
In that —— the Globe as Q is lift up as 
a] 8 or after its Fall, aſcends towards the 
epd B of the Table, In order to place 
web — Index for the meaſuring that Angle, 
the End & of the Ruler E 6 on the Side 
aB, ought to be joined to the End G of 
the other Ruler, 1 1350 as Was aid be- 


00 
1 " Thees Iron Screws E E F are to be uſed 
to place the Table in an exact vertical 
Situation, ſo that the Line A D be pet- 
bee pen dicular to the Horizon, which is eaſily 
inf done by fuſpending any Globe, and pla. 
ding the greater Index in ſuch a. Man- 
dener, that a Thread paſſing along the 
m | Mark on that Index — parallel to the 
e In 5 — concerning the Collifions 
of Bodies which are nat elaſtick, we uſe 
1. Globes or Balls of ſoft Clay i in a wood- 
eden 
his Caſe 4 85 "conſiſts. of five Parts 
bes four of which are ſeen. inHHHYH; theſe 


— 
4 
\ 


the 


m joined together make a ſpherical Cavi- 
14 £5 whole, Diameter is one Inch and a 
n Half, with an Opening at the Bottom; 


1 
tie 45 are ſurrounded with a Screw in or- 
| o keep them tight together, Nach the 

oth Þ gel the Ring I, which holds wi 
1 side 4 like Screw. _. 
| 111 the Parts are repreſented . 
There is 2 Hole in v, which hath 
ir e with the inner Cavity; 
u H 5 a Thread 


oo 3 HL tbe ehic al: Elements i 
4 lire kd is purthro” this, and che Ca. 
vity. &-ſineared-with Oi and AE Wirh 

Chy 2 This The Threadgods almeſt thre: 
the Olay „and i is irr egularly put p. üd 
down it die. Taking away the Ring l 

the four remaining Parts are enſſiy Npa. 
rated, and leave the Globe in the Mid 
dle, which | is tied by the Thread I Ju 
Wedeln, to other; and by that ap- 

. che Machine. D ig 
Experiments *concethinig daſtick Bo. 
dies, are made with Ivory Globes of 
Balls ; fix leſſer are applied h 4 Du- 
Ne of an Inch and an half each; and 
des heſe, one df twice the Weight, I. 

and 4fother of thrice 5 Weig Ri 5 and 
laſtly, one more of four Ti es dle 1 
Weir. 0 2132 3 Asie 2348S 3 

In tlie eleverth Experiment oft the fo 
lowins Chapter,” the fix equal Flobes 11 
juſt mentioned, are api to the M. 
chitte, and ſuſpended in fach, a Manner, 
that they may; mutua ere one ano 

ther. | 

That is gone by che Help 65 a Plat [ 
(See Fig. : In n. Sos Piel to the Wl | 
Mache by the Serbs q, Which pal; i 
thro' the e 9 his Plate ati 
four Bed 1. Holes mn 15 
Ends, tho 0 44 — Ted Li 
with whith the Globes are ſuſp 
Thoſe Thireads' "ate þ finected — 4 


Der, I 13000 SILG 2 eilt 


I Js AA is 1a 


l H 


of Phyfocks. Book. IL. Chap. XX. 
| with the Pins II Ih the two other Globe 
are ſuſpended by the Beam mentioned V. 
To wake the 13th Experiment of the 
EEvllowing Chapter, three Beams aue Bec 
„ ceſfary as ; nt 7 

The Percuffion of the Globes in 100 
6 BE Ebweſt Place; is always direct => this 
> EI be let fall from different Heights, and 
Iwhether it be on the ſame or contrary 


0: sides, reach the loweſt Place im the ſame 
1 Monient; and ſo in that Caſe the Per- 


N cuſſion is always direct. Tlle Celerities 
r che loweſt Place, are marbeu by — 
Diviſions of the Rulers EG, EG.” . 

mere is no ſenſible Difference in the — 


de portion between the Arches and Chords. 
1 [: Arches, no greater than thoſe ths 
1 obes pais over in tlris Machine. The 
\ 


1 vichts from vrhich the Globesarelet go, 
determine the Celerities; before their ſtri- 
King together, and the Heights to which 


ebe Globes aſcend, the Celerities after 

- Wi their ſtriking t ogether. 291209 1500 10 

ae All that gs to che Percuſſion of 

the W WBodies not elaſtick; may be reduced to 

ah the four following Caſes- L 
r one, Body firike againſt anotlier; 171. 
et, Wl Which is at Reſt, both will vontigue in Cate 1. 
at; Motion, yn che ſame Direction with 

dd. he former Motion; and the Quantity 

ber Wl 3 Ht Motion i in mul Bodies ou! the Stroke, 
O 209 Ruiz ali Dos vill 
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Plate X. 


Fig. fo 


Py 


XY - Motherhatical Ela 11 of 


will be the lame as was in the Body any 
ved befote the Stroke. 
For the Action of a Body nioved;] on 
avother; communicates to it that Mas 
tion which the other gains; but the Res 
action of this Body on that, retards its 
Motion: But Action and Re-action are 
equal; and therefore, ſo too is the Quant 
ty of Motion acquired by one Body equal 
to the Quantity of Motion loſt by the other 
and ſo. the Quantity of Motion is not al 
tered by the ſtriking together of the 
Bodies. The Quantity is found by mk 
tiplying the Maſs: * the firſt Body 1 int 
its Veloxity, and dividing the Produ 
by the Maſs of both Bodies; This give, 
the Velocity after ſtriking together. Le 
there be gwen two equal Bodies, and 
let Unite ſtand for the Quantity of Mat 
ter in each of them. Let the Velocity dl 
the Body: moved; be 10, the -Quanrity 
of 20x willbe alſo 10; which bei 
divided by a which ſtands for the 
of both Bodies, and 5 the Quotient 
therBlivigon; will be the Celerity of tl 
Bodies after Percuſſion 

Ex PENTIUM INT. iE 
Two Globes of the ſame Wei ihe, 
and. made of ſoft Clay, are —— 0 

to ther Machine, Number 170. 
The Globe P is let John from th 
Height of the 10th Diviſion of the Ruh 
E G, and ſtrikes againſt the _— 8 
Wie 


—_— ” x EP 3 — A Cl ́öſꝓi... T?2:f— GO OO OOO — 


4 —. 


Wwhich is at Reſt: After their ſtriking to- 
= they are both moyed together, 
and aicend towards the other Part to the 
gfch Diviſion of the other Ruler E G: All 
K. other Experiments in this Chapter 
xe made with like Globe. 
If one Body ſtrike againſt another which: 172. 


Boer they will continue their Motion 
2 in the ſame Direction, as before; and 
1 5 Quantity of Motion, after the Stroke, 
s the ſame as before, The Reaſon of this 
= 1 is the ſame as that of the fore- 

going. 

= [n this Cafe. the Celel ity of the Bo- 
1 lies after hitting, is determined by mul-- 
tiplying each Body into its oven Celeri- 
3 ty, the Products give the Quantit:es of 
| A | 6% ation in each Body; and adding them 

K ogether, we have the Quantity of the 

hole Motion; let that be divided by 
7 he Maſs of both Bodies, and the Quo- 
E ** is the Gelerity ſought for. 1 


Eavards the ſame Part, P with the Velocity 
o, Q with the Velocity 6, and fince the 
Aaſs of each Body is 1, the Quantity of 
Motion in both together, is 10; which if it 

be divided by 2, the Maſs of both the 
bodies, the Quotient will be 8, which. 
S the ebe diſcovex fl 4 by Experiment, 
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| of Phyſicks. Book. I. Chap. XX. or 


is moved towards the ſame Part, but Caſe 2. 


EXAERIMENT:,! 4. I Plate X. 
Equal Bodies, P and Q are moved * Figs 2 
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Plate X. 
Fig. 3. 


1 74. 


. Adhibebabwiolita Bing". 


— 6 wittr equal Quanti- 
ties of Motion ate moved towards con- 


trary Parts, thè hole Motion is deſtroy- 


ed by their meeting and hitting together, 
and the Bodies remain at Reſt. 

Aſter hitting together, the Bodies are 
not ſeparited, and the Line in which 


they are noved cannot be changed; but 


that they ſhould continue to move in 
the ſame” Eine; it is required that one 
Motion ſhould: exceed” the” other; "ON 
his is a Contradiction. ad 26 fi: 1 513 

i r s ee e 

Two equal Bodies, P 7 "oy 100 
equal Velocities, boy ts and after mectin 85 
remain at Reſſ nnn 

It two Bodies, ith different Celeri 
ties, moved- to contrary Parts, ſtrike 
againſt one another, after ineeting, they 


will both continme a Motion. in the ſame 


Direction with the Motion that exceeds, 
and the Quantity of Motion, they have 
after ſtriking together, is the Difference 


of their- Motions Beko Sy" Brike to- 


gether. 1. 1 c 
The greater [Motion plevails, vs 
fore the Bodies will be cartied' towards 
the Way where that Motion is directed; 
and the Body which hath a leſs Quantity 
of Motion, is moved indeed in the fame 
Eine, but towards a Part contrary 
to which it moved before the ſtriking 
together. And in order to effect this, it 
8 | is 


to that 
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contrary Part with the 


"of Phyſſeks;\Rookils.ChapIKX. 
is /fe quired; rllat all the firſt Motion be 
deſtoyd by tie Action of the firſt Body; 
which: cannot be, wylthdut that Body's 
lofing an! equal Quantity of Motion py 
the Aion there remains then dae the 
Difference of the Motiunn. 

By. multiplying che Maſs of eat Bod 
into its Celetity, we have the Quantities 
of Motion, and let the leſs be ſubſtract- 


ed from the greater, and we have the 


Difference of the Motion; which Diffe- 
rence, divided by the Maſs of both Bo- 
dies, gives us the Celerity after meeting 
and — together, a+ FE 


XPERIMENT 4. 


103 


Ihe Body Q is moved with a Celetity Plate X. 
145 and the equal; nk P towards a Fig 4 


rity 6. After 
meeting, the Body Q — its Mo- 
tion, and carries along with it the Bally 
P with the Celerity. 83595 % ©: 

Becauſe of the Equality of the Bodies; 
the Quantities of Motionare alſo 14 and 
6, and their Difference is 8, which di- 
vided by two, which ſtands for the Maſs 
of hoth Bodies, the Quotient 4 — 
the Celexity after ſtri king 

bod DE FINTLT ION 13s N 6 

Relative Celerity is, the Celerity.with 
3 one Bodyis carried towards another, 
or with which two Bodies are ſeparated. 
In Motions towards the lame: Part, this 


rats went ieee e g 


175. 
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1 76, 


177. 


178. 


Of the Meetin 


Alana digg Elan A 


is * Difference ofthe. Celerities of the | 
Bodies, and in: thoſe towards Contrary. | 


Parts, it is the dum of their Celerities. 
When two Bodies meet and ſtrike one 


Arai wang the Stroke is proportional to- 
the relative Celerity: For the Inppetus of 
the two Bodies on each other, increa-- 
ſes or diminiſhes according to the-Cele- | 
rity with which the two > Bodies come it 


one another. bu. 


aaa, e EY: my * 
E H A P. "x NI. 


ther of El eftick Badges. 


N Blaſtick Body; kay Figure is is 1 1 
ter d by a certain Force, returns aan 
by its own Elaſticity to its Arle” 2 : 


when that Force ceaſes to act. 


DEFINITIOOoNWN . 
That i is called perfect Elaſticity; 


ſame Force as it was compreſſed- 


In that 3 the Stroke ariſing From : 
or Spring of the 'Body, is Þ* 
equal to the Stroke by which its Figure L 
Was changed. i 
We ſhall treat in this Chapter concert- I 


the Elater, 


ing ſuch an Elaſticity as I now clot, 
N thong 


_ * 


oY F 9 oy: | 


a Body returns to its firſt Figure with tie 
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though we do not know any Bodies 
which have ſuch an Elaſticity. The Force 
5. with which the Parts _ — firſt 
Figure, is very unequal in different Bo- 
dies ; and therefore no general Rules can 


0 MY be given, without ſuppoſing a perfect 
ca. Elaſticity ; and the nearer the Bodies 
le: come to that, the more exactly will their 
MNotions agree with theſe Rules. 
Z Ba The Experiments I ſhall mention in 
this Chapter, are made with the ſame 
Machine as thoſe in the foregoing, and 
vich Ivory Balls, as I took Notice 
in the Deſcription of the Machine, and 
the Deſiciency of the Elaſticity, and the 
KReſiſtance of Air doth not occaſion any 
ſenſible Error in the the Experiments; 
and even that ſmall Error might, if it 
bßere neceflary, be corręected by deter- 
a. mining the Difference ariling from 
in 4 thence. 2 : ai il 
re. In what Manner ſoever two Bodies 
ſtrike mutually againſt each other, the 
mutual Actions of one Body on another 
are always equal among themſelves. 
The Parts of the Bodies yield inwards 
by that Action, and with equal Force 
in both Bodies, and both return to their 
firſt Figure with an Elaſticity equal to 
the Force. The Action of the Bodies on 
each other mutually, by the Reſtitution 
of their Spring, is equal to their firſt 
Action by hitting; From whence it fol- 
FP) * T0 lows, 
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11. 


to thoſe Bodies; the: Change, 


' 2 Marhendaticid Bien Pa of 


lows; that Elaſtick Bodies: have 4d, 105 
ble Action on eachother; double eveniy | 
reſpect of each ody confiderd alone, be. 
cauſe of the Equality of the Alem il} , 
both · Bodieb. Therefore, in tliis Caſe, thy | 
Change in the Motion which is produced '\ 
by the two Bodies hitting: each — = 
double that which a Stroke by the fame e. 
Motion could! ceim Bodies which} Y 12 
had no Hlaſticity. Anm ſince, with regard BY 
in reſpect ai [4 
the Quantity of Motion and 'Celevity ge 
explained in the foregoing Chapter; Re 
may eaſily explain the Change ao” with rt 
regard to the Elaſtick Bodies; in doing e 
of which, wh follnemg Rules are $i 9 = 
oblerved.- „ et e 40114 1-7; nt WP: 
R LIEB. . . r 1% Ui S ; 
When Bodies, which! are not Elaftick, . 
ſtrike againſt each other, if dne Body gr 
gain a certain Quantity of Motion, 1 
would gain double that Quantiry, i 1 
had been Elaſtick; and this double Quan 
tity is to be added to the former Motio 
in order to determine the Motion alte 5 
nent together. 1 πW— 43-1 94: 
> ion: ea z 
When two Bodies which are not El 4 
ſtick ſtrike againſt each other, and the 
one loſes a certain Quantity of Motion, t 
it loſes the Double, when the Bodies are 6. 
Elaſtick; and that double Quantity mult [| 
be ſubſtracted from the ae Motion h. 
to 


/ 
* 


yr; Ph fete! Bobk K. Chüb NI. 107 
on Lee g ge Mona Peri 
vin BY What is Hid of Motion ought to be 
be. apphy u alſo o yy | Bee, 3 in' the 
ell ? ſame Body, Motion Ak tlie 
cho 1 eleri E494 31 1 01 710 1 
cel f 1 E b re En 
u The Body P, whoſe PRs 25 mee! n Place x. 
merit y's/ Atikeshgainf the'B 101 * 5. 
whoſe” Mafs 1821, See —_— on i 
moved with the De, 15 and P goes 
In with the Motion 57 Milch is agreeable 
Feche Rules Ge ed above: For if the 
1 e dies had not been Flaltick, the Cele- 
n y of both, aſter meeting, would have 
ing |; r wy therefore the io would 
l 9 27 mo in that 


1 e 1 — 7 12 F Degel 31 
, which would othierwi ſe 30 

4 grees of Velo city, ac cordin: g to the 2d 

| Rule, loſes 6, which fubiraeted from 

, the firſt Velo city, chere remain 3 

an Begrees Velocity? 1 

on, EXPERIMENT 2. EY 

ter The Body P, whoſe Maſs is 2, and Ve- Plate X. 
- [ocity 8, ftrikes againſt the Body'Q, whoſe Fiz: © 
MNaſs is 1, and which is moved towards 

u. the fame Part with the Velocity 5. AE 

the ter meeting, the Body Q is moved with 

on, che Velocity 9, and P with the Velocity 

e. This too might be determined accor- 

oft ding to the foregoing Rules; if the Bodies 

on had not been Elaſtick, they would have 

to both 


— 
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182. 


both moved, after meeting together 
with the Velocity * the Body Q would 


makes 9. The Body P, in the firſt Caſe, 
loſes one Degree of Velocity, but by 


Nathematica! E A * 


2 Degrees Velocity, which „ 


che it Ry le muſt be doubled here, and 
be added to the firſt Celerity 5, which 


Rule the ad, it loſes 2 Degrees; and 
chere mt is Cale, them. dem dig 1 
it 6 Degrees a Vel _ roh 
RuL E 

When a Body loſes all its Motion, and 
acquires A Motien towards the contrary 
Part, thoſe two Motions muſt be added 
together, i in order to find out the Motion 


loſt. 

When the Quantity 40 be ſubſtracted 
in the Caſe of Rule the 2d, exceeds the 
Quantity of Motion E king toge- 
ther, from which it ought; te be ſub- 
ſtt acted, this whole Quantity of Marion Wh 
Is deſtroyed, and the Remainder ſhews I 
the Quantity of Motion. toweres the con. 
bes R | 

ExPERIMENT 3 M 

The Body P ftrikes againſt ak | 
Body Q at Reſt, and thrice its Bulk, with 
the Velocity 12, and recoils back with 
the Velocity 6: In this Cale Bodies not 
Elaſtick would be moved with the Velb- 
city 3, and therefore the Body. P would 
have loſt 9 Degrees of 1" 4 but 
here, according to Rule the 2d, it 2 

18 De- 
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Phyſicks. Book 1. Chao. XXL. 


+; fl | Degrees, which being ſubſtracted from 
1d Nhe firſt Velocity 12, "there remain ſix 
by esrees of Velocity towards the contra- 
ad part, according to Rule 3d. In the 
ch me manner we confirm, by the follow- 
ſe, Is Experiments, the Diſcoveries. accord: 
by Bis to the foregoing Rules. 

nd i EXPERIMENT 4. 


1 ity 19 towards the ſame Part with Fig 8. 


Ie Body Q- which is triple its Bulk, and 
nd Bi Need — the Velocity EY after ſtri- 
ry Mins together, the Body P Soes back 
ed Wi Aird. the Velocity 3. 

on Wh EXPERIMENT 5. 


2 Bodies P P and Q come 8 Plate X. 


ed ch other with equal Quantities of Mo- * 
be Won ;; after Percuſſion they both go back 
ain with the ſame Velocities as [they 
b. | Ame towards each other. | 
D YU} . ExXPERIMENT GJ. 
vs; 8 5 The Body P with the Velocity 53 and Plate x. 
1 Fig. 10. 
Ie Body Q triple the other's Bulk, with 

Ie Velocity 11, are carry'd towards 

/ ferent Parts. After Meeting, the Bo- 
er continues its Motion with the Ve- 


th rity 3, and P goes back with me Vee 

tn mos Fit) 19. 

t | "EXPERIMENT 7. 0 

> ut Urne fame Bodies P and Q are carry! yd by 

1 te X. 
d Yards different Parts; P with the Ve- Fig. 11. 
t "FſMity 16, and Q with the Velocity 8; 

es both after Percuſſion return back, P with 


2 ©, 


The Body P is carry'd with the Ve- Plate x. 
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Caſe iſt. 


tick Bodies are determined by the fi 


towards the ſame Part, they conti 


Part, and let A B be the Velocity of g 
Body, and BC the Velocity of the 
ther; the Velocities here are as'l| 


is, it ſhouild be made þ C. The Velod 


Mathematical — | 


205 and 2 with four Degrees of \ 
nns 
. All- Ciſes of the Pereuſſons of el 


going Rules. The following Partien 
alſo worthy of 1 are dea luced i 
them. - 

When Bodies are equal, and cam 


their Motion, but interchange their 
locities ; if they are carry d towards 
trary Parts, their Velocities are ie 
changed, and they return bacæ. 

Let Bodies tend or gotowards' the aj 


Quantities of the Motion. Let the 
AC be divided into two equal Pattsl 
D, and let Db be equal to DB; A 
or D C, denotes the Velocity of eil 
Body after Meeting, ſuppoſing them 
to be elaſtick; ſo the 1 ny is 
creafed with the Quantity D B, all 
ought to be encreaſed with doubt thit 
Quantity, becauſe of its 'EJaſticity, thi 


A B, in Bodies which are not elaſtick, iq 
miniſhed by the Quantity D B, but ougl 
to be diminiſhed double that Quit 
for the given Reaſon; and ſo ſhould . 
made A > therefore the Velocities'M 
and BC are changed into the Velo 

ti 
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1 . and ö C: But AB a 5, as as 

Wo BC and Ab, ae equal 0 one a- 
1 , | 
W.-- > PxprkIMENT 8. 

WT wo equal 'BodiesP and Q; the firſt 1 
Ich the Velocity 10,' and the other with 

W- Vaocity 5; are carry d towards the 

ne part; but their Velocities being 

4 Fes den. r theif Motion af. 


53 @ „„ 


pe I! 


et N B be hs Yadiye td one oe Boch Ca 5 
ac the Velocity of another; Tet Pig: 2 
e Difference A C be divided mtb two 
oval Parts, and let A b be equal to 
4 . When the Bodies are not elaſtick, 
e Velocity of each (after mecting) 
e Wards the ſame Part, is AD; there- 
re, the firſt Body loſes the Velocity 
T B, *he other Body loſes all its Velo- 
1 CB, and acquires the Velocity D C, 
wards the other Part; therefore, the 
ole Quantity loſtis DB. This Quan- 
= if it be doubled, is 4 B, the Qrian- 
ob the Velocity. Joſt by both. Bodies. 
ifference of this Velocity, with 
3 " Velocity of each Body, gives us the 
\ Pbocity towards the contrary Part — 
ch And this Vifference, in 75 5 
5 es is b A, an in Re- 
| 3 the Motio n CB, s Ch: El 
204 ad 4 2 


1 
_ 
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184. 


Plate XI. 
Fig. 3. 


Plate XI. 
Fi 18.4 
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C b and AB; as allo b A and CB, i 


equal to on another 
XPERIMENT 9. 
If equal Bodies P with the Velocity 
10, * Q with the Velocity 5, be cat. 
ry'd: towards different Parts, their Ve. 
locities being interchar ed, they both 
retum back after Percuſſion. 
A Body ftrikes againſt another equi 
Body at Reſt, ſo that their 1 1 


— 


may be interchan ed. The firſt Bod 1 


after Percuſſion will reſt, the other W 


be moved with the Velocity of the for- 


mer. + This is confirmed by Experiment, 
as follows, 
| EEE 2 

The Body P ſtrikes againſt the Body 

Q at Reſt, with the Velocity 10, and Þ 

after Colliſion reſts, and Q afterwards i 

moved with the Celerity 10. . Thi 

gives US an Explanation « of what tok 

lows next. 5 

EXP IR ir i, e 

1ſt. Let there be ſeveral equal Bodies 

P, Q, R,S, T, U, diſpoſed in the ſame. 

Line, and touching one another, let tlie 

Body P be ſtruck againſt Q with any Ve- 


710 


locity, aſter a P, Q, R, S, and 
T, remain at Reſt, and: U only is mo- 


ved. 
2d. Let P and 2 be moved with equal 
Velocities, ſo that Q may be ſtruck 2. 


gainſt R, after Percuſſion, p, 2. 1 and 


do 


Ee ĩ F ON 1 3s 
8 fa £ 
— — 2 — 


. i ene POT ; . 
2222. K 


F YA ”" BE =v 


Q 


= 2 & = 2 
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8 do reſt, but T and * are moved to- 


gether. | 

3d.. After the e "Manner if "IRE Plate XI. 
be moved, three alſo are moved after Fig. 5 
Meeting. 

5 4th. Laſtly, If P. 5 Q R, nd S, de Sag XI. 
moved together, and & ſttike T, after £'s 5 
bpercuſſion P and Q reſt, R, . and V 

l are moved together. In general, what- 

0 ever be the Number of Balls, how ma- 

1 ay ſoever be moved before the Percuſſi- 
on, or their ende as many are mo- 

© I ved after ic. 
lH In the firſt Caſe p ſtrikes a gainſt Q. Plate XI. 
aud refts, Qſtrikes againſt R, Va reſts ; Fig · 3. 
and fo of the reſt; till at laſt P ſtrikes 

V, which being detained by no Obſta- 

} de doth alone continue in Motion. 

la the ſecond Caſe, the Bo G after: Plate XI. 
| the ſame Manner exactly, puſhes ort the Fig · 4 

| Body V, and P immediately follows, 

| puſhing on Q, which now is at Reſt, by 

reaſon of the former. Percuſſion; this 
Motion is after the ſame Manner com- 
municated to the Body F, which now 
cannot ſtrike V which. is already in Mo- 

ton; and ſince the Motions of the Bo- 

| dies P and 'Qhave/equal Velocities, and 

thoſe Bodies follow one another as near 

as poffible, chere is no ſenſible Time be- 

teen thoſe: two Communieations ot 
* aud Wo rr . 
I7 15D m Aare 
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185. 


1186. 


I be veſpectide Velocity with which two t 
Hlaſtick Bodies whatſoever go back from 


equal to the reſpefFive Velocity with 
which thoſe Bodies, came towards each 


Action of the Bodies mutually on ead 
other: But the Action ariſing from the 


ather, and contrary, and 8 85 therefore 
with whick they recede, or go back fron 


one another; the Hequality of the BC. 
dies, be it what it will, makes 110 Alte 
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T are moved with equal Velocity, and Þ 
are not ſeparated from one another. 11 


each other, after Colliſion together, is 


id 8 5 E * * _ 4 * "ate " 
SPE i oY 
3 2 


— . 
It the Bodies were not Elaſtick, they 
would jointly together continue their 
Motion, and in that Caſe, all the reſpe- 
Give Velocity with which - thoſe Bodies 
came to one another, is deſtroyed by the 


Reſtitution of the Spring, is equal to tie 


to produce the ſame reſpedtive Velocity 


ration, becguſe of the Equality of tie Þ © 
feſt, and ſecond Action on botli Bodies, Þ © 
The Quantity of Motion towards tie B 
ſame Part is the ſame after Percuſſion a2 
before. VISA AP 4 I 14.5 — al 


* 9 — — 


ans e, enn N Ari! —— 
This Propeſitios, in Bodies which a © 
not Elaſtick, is already proved in all C- ja 
les; for -when; the Motions de not co“ 
ſpue together. that is; have not the ſane 
Direction exactly, the contrary M otic | 
ought to be ſubſtracted ſrom the Motia 
towards a certain Part, in order to detet- 

| = miſte 


% Phyficks. Boòłk I. Chap. XXT. | 


mine the Motion towards that Part: By 
the Reſtitution of the Spring, equal — 
© tixies of Motion are produced towards 
both Parts, by which Means the Quanti- 
ty of Motion towards a certain Part is 
7 notaltered. The foregoing Experiments 


ch ? do fully prove theſe two Propoſitions. 


When a leſs Body is ſtruck againſt a 


greater at Reſt, the greater Body acquires 


© 2 greater Quantity of Motion than the 
5 leſs had before Percuſſion. & 


The Quantity of Motion aid by 


the greater Body, is double the Quantity 
the leſs would loſe, if the Bodies had no 
Elaſticity: But in this Caſe the leſs ogy: 
would loſe more than half its Motion. 


97:8 25 ERIMENT 12. 


187. 


The Body P, with the e 135 Plate xi 


the Body Q/acquires the Velocity 6, that 


is, the Quantity of Motion 24 but the 
Body P goes. 
and fo the Quantity of Motion — 
the Part, 5 firſt t ended to; remains 15. 


back with the Velocity 9, 


The Motion in the Body Q. may be 


increaſed more, by — a Body ef a 


; Wo pri between the 62 wg P 


„„ ̃ ͤ! oo2 


4 * 12 » Sw £4 f 


* 


Eri 13. 


! 


P and Q are the two abovementioned plate XI. 
Bodies, and between them the Body R Fig. 8. 


12 double 


7 (which Rumben: may alſo denote the Fig 7. 
Quantity of Motion) ſtrikes the Body Q. 
& which is four times its Bulk, and at Reſt ;-: 


188. 


I 16 


% 


189. 
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double the Body P. If the Body PArikes 
againſt the Body N; which as at Reſt; it 
communicates to it the Velocity 12 ; with. 
which if this Body ſtrixe againſt the Bo- 
dy: Qat Reſt; it will communicatꝭ to it 
55 Velocity; 8, that is, the Quantity) 
of Motion, 32: But in this Experiment,, 
becauſe. of the duuble Percuſffion, the Er- 
ror which ariſes from the Want of a per. N 
fectElaſticity, is more ſenſible than in 12 
other Caſes, where there is but one Per- i 
cuſſion, and the Quantity of: Motion. ac- Þ 
quired by the Body: is about 30. | 
© The more unequal Bodies are Raced 4 
between two Bodies, if the Maſfes from 
the firſt to the laſt always encreaſe; the 
Quantity of Motion will be greateſt in 
the greateſt, anchthe greateſt of AlL, When 


there being the ſame Number: of! Bodies: 


| wer? very often. intreaſed ; ſo that there RE 
Quantity of Motion always in the World. 


* 1 "BEE [3f350013YC 0d. . 
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. 


intorpoled, the: Maſſes of chem all ab 
in a Geometrical Progreſſion. o 

Altho the Quantity of Motign tor; 
the ſame Part mathe Meeting er Coll. 
ſion of Bodies, whether Elaffick er noi Pe 
continue; the ſame, the Quantity of Mo-. 
_ ſalntely-contidered; doth * conti. 
ame, but is aſten diminilfied, and 


is no Foundation to ſay there is tlie ſame f 


81 7 * rf of 
g — . 


Are yr 7 7 
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„ eee eee 55 
a C HA. XXII. 

oY ol Comprand Motion, and 2 
1 Peercuſſon. 

J 


1 in Motion may be — 
: with a new Force, and be puſhed - 
Jon in another Dire&ion ; The Chatge of 


er · the Motion in ſuch a Caſe is proportional 
c. ito, and according to the Direction of that 


Force: And when the firſt Motion is nat 
deſtroyed by that Action, a third ariſes 
from thoſe two Motions, according to a 
new 5 2 . 5 lead] 
Let the Body P be paſh, 4 certain 199. - 
ö "57% — to the Direffion PC, and Pl - 
et it be puſhed at the ſame time by another 
| Force, According to the Direction P B, and 
Wer the Velocities which ariſe from thoſe 


Forces, be as the Lines P C, 7 1732-558 
ml In order to determine what will -hap- 
ot pen, let the Parallelogram PBAC :be 
10, Ncompleated, by drawing the Lines B A 
nti- C A, patallel to the aforementioned; let 


P A be the Diagonal of that Parallelo- 
ram, let the Body run with the firſt 
Force, that is, with the Celerity PC, the 
Line PC, and let that whole Line be 
transferred with its Celerity and Dire- 

1 ction, 


. 


— — 


r * 
* — 
2 oc, 2 


er 

P 

n 
—— — 


Rr W wy — 
— 2 my — 
— Neos * Yah Oe >. 


CLE 


Plate 


Fig. 1. bi che Figure of a Rectangle Triangk, 
__ whoſe Side CD, is — 3 three Fon 
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"oF PB; when that Line will be in b 
the Body will be in-p ; fo that Pb wil 
be to PB, as bp to b 4, or AB, that is in 
the Diagonal A; and ſo every where 
when the Line P C ſhall, be in B A, ho 
Body will be in A: Therefore dur oh 
Motion compounded. of the two above 
mentioned; ariſes a Motion all along the 
Diagonal PA, whoſe Celerity is propos. 
tional to the Longitude of the Diagonal 
For: the Diagonal is run over in the ſam 
time by the Body P, with that com 
pound Motion, as the Line P B, or P 
could be run over with one Motion only. 
In order to confirm this Propoſition 
an Experiment, the Machine which 
ſhall preſently deſcribe is neceſſary. a1 

ao — Planes C D E, CD DB 


| 


long, and a Half; and the Side D Bowe} 
Foot and a Half, being placed vertically 
are turned round the Hinges A and B. 
0 1ments are made in this Mackie 
with)Itory Balls of one Foot and a Hal | 
Diameter... 

Theſe Planes are Jin in ſuch 4 * 
ner, that if there ſhould be ſuppoſal 
other Planes parallel to theſe at 2 D/ 
ſtance, ſomewhat. greater than a Sem 
diameter of the Balls, their Interſegioh 
5 be the 4 of Rr 
a whi 
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Which is ſhewed by tlie Figure of the 
F inges (Fig. 27 whoſe Parts 5 b, for the 
reater Firmnels, are fixed into theWood. 
n the Center of the upper Hinge A, 
© Where is a little Cylinder a (Fig. 2.) 
which hath in its Caſe a Hole, that joins 
o to another, aſide of it, that the Thread 
may. paſs” thro” them both, by which 
he Ball P is ſuſpended, and Shea, is 
oined to a Pin. 


” 


= By the Help of the whe F, E, E, F, 'F, 
e Machine is put in a vertical Situation, 
Ws that the Thread 7 þ may coincide with 
he Axis of the Machine. 
ln, i, two Nails are inſerted in the 
-ntioned Planes, and the Balls Q, Q, 
3 uſpentled by them, at fuch a Diſtance 
oom the Planes; e that every thing 
ray almoſt touch that to witch ie it is ap- 
y d, chat is, that 4 Line imagined to 
ass Fogg the the Centers of the Balls 
= and O ſhould be parallel to this 
3 ug It is farther required, that theſe 
alls be placed at an equal Height, and 
ouch each other. 

The Threads by which the Balls Q 2 
re ſuſpended, paſs through the Hole in 
e above mentioned Nails, and are joined 
d the Pins I, h that they may be com- 
Podiouſſy, and with Eaſe, raiſed up or 

Ppreſſed, and all the Centers of the 

alls diſpoſed in the ſame ſame Plane, 
rallel to the Horizon. The Bra fs 
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Ruler R is ſo bent, that the Ball P, in its 
Merion, may aſcend along k it is turn 
ed round the other Extremity, and its 
Center of Motion coincides with the 
Axis of the Machine. Its Uſe is to mark 

the Way of the Ball P, and the Altitude 
- Both Balls Q are let down along the 
Plane to whic the are apply d, and 
the Altitude from whence it is let down 
is marked by the Index fixed on the Plate, 
to which, in both Planes there are 4 
Holes, containing equal Angles with 
reſpect to the Motion of the Threads. 


Wben the Ball Q is let down from a de 


certain Height, it ſtrikes againſt the Ball 

P, and puihes him to the ſame Height, 

and according to the ſame Direction. 

* 2 Ex PER I MEN T Form i 
Plate x II. The Horizontal Section of this Ma- 
Fig. 3. 4. chine is repreſented here: The Body Þ 
Nit be puſhed by both the Bodies Q, 

with any Velocity and Direction. 

If the Bodies Q & Qare let down at th. 
lame time, the body P will be agitated with 
2 Motion at the ſame time, and runs the Di- 
agonal Pp of the Parallelogram, compoled 
of thoſe 2 Motions, as we have ſhewed 
before, and aſcends, to a Height propor- 
tional to the Length of that Diagonal. 
This Experiment may be made with 
great Accuracy, whether the Balls Q& Q 
are let down from the ſame, or from 
4 une 


of Phyſecks.'\'Bopk L Chap XXII. 
ual Heights, and whatever Angle 
. by the two Planes, that is, by 
the Directions of the Motions, whether 
it be a right, acute, or an obtuſe. Angle. 


% Motions, . and after innumerable 
| Manners; for we may deſcribe innume- 
| rable Parallelograms, as PB AC, pb ac, 
| pb ab, which will. all have the above: men- 
2 tion d Line for tar their Dogs And 


4 wp 3 


2 tro wn „ we > may determine the Mo- 
ton of Bodies, wich ſtrike againſt one 
mother obli 


———_ RC 


1 


RE Bo ay moVE orb ver in a right. =, 


Lie, P A may be confidered as agitated by Fig; 0. 


„ -—-w- 


F hn 


The Body = reſts, the Body P with Plts XI. 


he the Direction and Celerity P A ſtrikes Fig. 11. 
ith Hagainſt it. When P hath come to A, let '* 

N. the Line D B be drawn thro' the Cen- 

ed ters of both Bodies, and an other PB per- 


pendicular to it, and let the Parallelo- 
em A B P C be compleated; the Mo- 
ion along PA is reſolved into two others 
along PB and PC, or B A and CA. 
The Body P doth not act upon the Bo- 
ly Q, with a Motion along CA; there- 


fore 


Fig. 11. 
12. 


' Plate x1, the Motion of the Body Q. by the 


194. 


* 


Mu * Elements AN 
fore = Herlon ariſes from the Mos 


only along BA, that is, the Body P abt 
upon the Body Q, with an oblique] 
Stroke along P A. and wich the Velous! 
ty P A, after the lame Manner, as if it 
ſtruck it drreftly along B A, with the Ve 
locity B A; ſo the Motion - of the Bol 
Q, by that Action, whether the Bodig 
be elaſtick or not, is determined froh 
what has been ſaid concerning direct Tv 
pulſe or ſtriking together. + 1» 000 
The Motion of the Body P, abs In 
king, is deduced from che ſame Prin 
ples; the Motion along C A is not cha 
ged ; therefore the Body P is car & h 
that Motion with equal Velocity in 
Direction A E; therefore, let A E den 
qual to CA. The Change in the 
tion B A is determined in Ref pet of the 
Body P, after the ſame Mane 5 


foregoing Chapters. Let the Velo 
ty of that Motion be A D, in Fig. 4k 
when the Body goes forward, and in! 
gure 12, where it returns back: Frod 
that Motion, and the Motion along Af 
ariſes the compound Motion along tl 
Diagonal A p, which by its Situatid 
and Length, denotes the Velocity af 
Direction of the Body P after Percuflidl 

When Bodies are equal and elaſti 
all the Motion along B A, which anf 


from Percuſſion, is deſtroy d, and the 
remai 
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mains the Motion only along G A; in 
mich Direction; alſo the Body P is ca- 
yd. In this Cafe; always after percuſ- 
n. both the Bodies (in what Manner 
ever the Body P comes to the other ire 
3 rings with Directions under 4 1 


le. 
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15 the Mac ne, Number 191, Et 
here be two Balls Q and P, the Planes 
eing placed ſo as to make aright Angle, 
ad from whatſoever Height, or in what- 
erer Direction the Body Q by falling 
e ſuppoſed to ſtroke the Body P, after 
ercuſſion the Bodies follow the Dire&i- 
ns of their Planes, and aſcend to Heights 
Which may be found out by what! we have 
ad before. : 
Ws Upon the fame Principles we may diſ- 
over the Motion of two Bodies after 
ercuſſion, when they are both moved, 
er what Manner ſoever they may have 
ruck together: The principal Caſes are 
Ppreſented in the XIIIth Plate; and al] 
chers may be reſolved after the lame 
Inner. 
Let the Body P be rived with the 
Werity and Direction PA, the Body Ws 
h the Direction and Celerity — 53 
the Line B b be drawn, paſſing thro s. 
Centers of the Bodies where they 
ch one another, and let the Lines CA 
d ca be drawn perpendicular to it, * 
et 


IJ 


123 


pute XII, 
" Figs 5. 


195» 


Plate 
XIII. 
Fig. 1, 2, 
35 J. 5» & 


1 


* » *. 
* 


be compleited, The Motion, of the Ht 
whole. 
Bodies do not act Nn each other wi 


the Motions along 


the Mgtion of the Body P is compound: 


A D, and it is moved along the Diagg- 


— 2 


N | y 

1' "Mathematical Elements 
let the ParallelogramsPBAC.& AA 
dy P is re darf into two other, 
Cle and. Directions are denoted 
by GA and BA; and the tuo Motions, 
into w ich the Motion af the Body Q is 
reſoved, is marked by c a and b a. 990 


1 


A ande a; there- 
fore theſe Motions are not changed; and 
aſter Meeting, they are marked by AE 
and a e, which are equal to A C and ag. 
The Percuſſion by Motion along the 
Lines BA and ba, is direct, and deter 
mined from the foregoing Chapters: Let 
then the Motion of the Body P be tas, 
wards D, and its Velocity A D, and the 
Motion of the Body Q towards d and its 
Celerity a d: Therefore, after Meeting, 


ed of the Motions a long AE and 
nal A p. The Motion, of the Body Q, 


after Percuſſion, is compounded of Mo- 
tions along a c and a d; and therefore 
that Body is moved along the Diagonal 


a e; and the Lengths of thoſe Diagonals 


| denote the Velocities of the Bodies after |; d- 


Percuſſion. In the Figures 1, 2, 3, the fs 1 
Bodies are ſuppoſed not to be elaſtick, 
And the Figures 4, 5, and 6,, repreſent. 
the ſame Cafes upon Suppoſition of the 
Bodies being elaſtick, There are ſome 

| | Let- 
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Letters wanting in the firſt Figure, Br. 
aauſe the Points which are noted by them 

on the other Figures, do coincide here 
vith other Points, and are not neceſſary - Ht 
bor determining the Motionnss. 
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CHAP, xx. | 
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Concerning Oblique Powers. 


TI E Body P is puſhed along PB _ 
and PC, with Velocities propor- xg. f. 
tional to thoſe Lines; and 99 7 780 Pro- 


4 - 


leſtroy'd by that Action, and the Body 
fs, And if the above-mentioned Ad ions 
de continued, the Body will continue Ar 
Reſt, This Caſe happens, when a Body 
drawn by the above-mentianed Forces, 
\ Threads towards C, B, and 4: From 
b. I Pbende it follows, that a Body reſts when 
XN It is drawn by the three Powers, .w hich 
10 re to one another as the Sides of a Tri- 
angle 


ORR! hows 


Mak formed of Lines parallel to the Di. 
Ie of the Powers. 
This Propoſition is confir rmed by Ex. 
riment. A Machine is drawn in the 
p. Dane Figure; it is a Wooden Circle 0 
Orbit, whoſe Diameter is about eight In 
ches, is horizontal, and ſyſtained by a Foot 
In the midſt of its Thickneſs, it is ſurroun 
ded with hollowed Space, by which Pu 
leys may at Pleaſure be joined to the Mz 
chine in any Point df its CircumferenceÞ 
and 2 Braſs-Plate is put into this hollows 
Space, to which the Pulley is fixed pe: 
pendicularly, as it is repreſented in F. 
The abovementioned Circle is hollow: 
a little in its upper Part, that it may tak 
into it a leſs Circle D FA of the thicknd 
of the fourth Part of an Inch, and juttig 
out a little above the firſt Circle; ſo th 
a Thread put over a Pulley, Which 
Ioinied to the Machine, as I mentions 
before ; and being extended horizontal 
may touch the Superficies D A F. 
Different little Orbits are neceſſary! 
Order to make different Experimen 
They muſt be cover'd on boch dic 
With Papers, that the Lines which 
ſhall ſpeak of hereafter, may be com ne 
diouſly drayn upon them. Po 
e Lenk rrhru eur v. 
Let C be the Center of the leg w 
Bored Orbit, and upon this kr the 1 
. all; 


ky a ob ie 2 iC.-.4 £6 


—_— 


Tit! 
1 


angle A-B C be drawn, whoſe Sides are 
to one another as the Numbers 2, 3, 
and 4. Let the Lins C E be parallel to 


the Side AB of the Triangle, and let tbe 


Side A C be produced towards DO. 


Now, let there be three Threads join- . 


ed in C, and extended towards the Lines 
CD, CE, and CB, upon Pulleys joined 
to the largeſt Circle. If a Weight of 
four Pound be hanged to the Thread or 


Cord C D, and a Weight of three Pound 


to the Thread CE; and laſtly, a Weight 
of two Pound to the Thread C E, the 
Threads are not moved, and the Knor 


in C remains at reſt; if the Knot be re- 


moved from that Point, it doth not reſt. 


Ia this Propoſition, any two Powers 
are made to counterpoiſe a Third, that is, 
are equivalent to one Power, which acts 
in the ſame Direction, but contrary to 


that Third, and is equal to that Third. 


Therefore, the Actions of two Pow- 


ers may be reduced to the Action of one 


ower. Wo 

80 when a Point is drawn with four 
Powers, there will be an Aquilibrinm, it 
ve reduce tWO Powers to one, and this 


new Power be with Regard to the two 
Powers remaining in the Manner ſpeci- 


fy*d above, Number 196, that is, if the 
Power ariſing from theſe remaining two 
' reduced-: to one, be equal to, and act 2 


contrary 
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„1281 Mathematical Elements 
contrary to, the ſiagle new Power jal | 
mentioned before. 

91 1531; EXPERIMENT "hy 8 
199. Ile Point C is drawn by four Threads 
Plate | or Cords ; towards B with the Weight of 
Fig. 9. one Pound, towards F with the Weight 
of three Pounds, towards E with the | 

Weight of two Pounds; and laſtly, to- 

ward D with the Weight of four Pounds; 
and there is an Aguilibrium. By making | 
the Triangle CF 2, or the Parallelogram 

C:EzE; the afore-mentioned Power, 

along C F and CE, are reduced to one 

acting along C, with the Force of af 

Weight of four Pounds; and then the 

three Powers CB, CD, Ca, give wi 

the ſame Caſe as was mentioned in the 

. Propoſition, numbered 196; and there. 

fore, if the Powers acting along CB and] 

CD be reduced to one acting along Ca, 
it Will act in the ſame Direction, but con- 

- trafy to the Power which acts along Ms. 

and ill be equal to it. 

What hath been ſaid here concerning 
tour Powers, might have been ſaid of five 
or more; for if out of five we reduce 
two to one, we have the Caſe Juſt! men- 
asm. 

2 EXPERIMENT _ | 
Fe. 2 he Point C is drawn by hve Were 
XIV. © by the Threads or Cords, C A, CB 
Fig. 1. CD, CE, CF; the Powers are to one 

995 | an 
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another, as the Weights by which the 

Cords are drawn, and they have the 

ſame Proportion as the Numbers marked 

upon the Pulleys in the Figure; and there 

is an Æquilibrium. | 

= The Powers acting along C B and C D, 

are reduced to one which acts along C G; 

and the Powers acting along C E and 

CF, are reduced to one which acts along 

CH; andi then we have the Caſe men- 

WJ tioned; Number 196: And laſtly, Thoſe 

two new Powers, which act along CH 

and CG, are reduced to one which acts 
along C a, which too is equal to a fifth 

wich acts along CA, and acts in the 2014 

WF fame Line with it, but contrary to it. 

= From the above- mentioned Propoſition, 

nomber'd 196, we deduce farther, that 

the ſame may be affirmed of the Action 

of any Power, as hath been ſaid concer- 

ning Motion in the foregoing Chapter; 

namely, that the Action may be reduced 

to the Actions of two other Powers; and 

that after innumerable Manners, becauſe 

of the innumerable Triangles which may 

be formed, and preſerve the ſame Side. 

y this we may in all Machines reduce a 

Power which acts obliquely to a direct 

Power, and determine the Proportion be- 

ween the Direct and the Oblique, 

q | which will appear plain from the follow- 

Ing Examples confirmed by Experiments. 
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Let a Weight of two Pounds be 85 


3. ply” d in B tothe Leaver A B, Which hath: 


its Arms equal, and in A, a Power which 
acts obliquely along A D, and which is 
repreſented by the Weight M. Let the 
Line D E be imagined parallel to the: 
Leaver, in a horizontal Situation, and 
the Line A E perpendicular to: that and 
the Leaver: Now if A Dbeito A E, as 

2 to 3, and the Weight Mbe two Pounds, 
—_ is an Aquilibritm, 

The Direction of the Motion >of the 

oint A is perpendicular to the Leaver, 
by the Motion of the'Leavet; and there- 
fore tends along the Line E A produced. 
Since the Diſtance B A is always the 
ſame, as in Figure 2d, A is hindered 
from coming to B, and is, as it were re- 
pelled along the Direction B A. In the 
3d Figure, the Point A is hindered from 
departing from B, and A is, as it were, 
drawn towards B: Again, the Point A is: 
drawn by the 'W eight M-towards D 
therefore this Point is drawn by . 
Powers, whoſe Directions are parallel to 
the Sides of the Triangle A D; and 
which therefore, tnat there may be anEqui- 
UAbrium, are to one another as thoſe Sides. 


The Point A, becauſe of the Equality 


of the Diſtances: of the. Points A and B 


from the Prop, is drawn along the Line 
A E produced, with the ſame Force as 
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the Weight P deſcends ; that is, with the 
Weight af two Pounds; a: force there- 
fore of 3 Pound 1s required along A D, 
becauſe the Sides A D and A E are to 
one another as 3 to 2. The Side DE 
expreſſes the Weight the Prop ſuffers. h © 

the Force with which the Data: A ia the 

cſſecond Figure is preſſed towards B, and 
is drawn in the third Figure. 

I be ſame is to be affirmed of an oblique 

Power apply'd to an Axle in a Wheel. 

EXPERIMENT 7. 

| The Weight P, joined to a Pulley, i is 203. 

ſuſtained by Powers apply*d on both Tae 

Sides, to the Pulley Rope, but dragging Fig. 4. 

obliquely along the Lines C A, and CB, 

theſe Powers are equal to one another, 

- {© becauſe. no Rope, put on a Pulley, can 

N reſt, unleſs it — drawn equally on both 

, I Sides. The Weight P is, as it were, a 

third Power, and ſo the Point C is drawn 

by three Powers. Let the Line CE be 
mmagined perpendicular to the Horizon, 

and the Line AE parallel to the Line 

CB; if CE be to AE, or AC, as 6 to 5, 

( for A E and AC are equal, becauſe of 

the Equality. of the two Powers which 

draw along CB and CA, as we mention- 

ed before) then the Weight Pof fix Pounds, 

is ſuſtained by the Weights Q and Q 

weighing five Pound: The Reaſon of this 

will * by Propoſition 196. 1 
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If one End of the Pulley Rope be ty?4 
to a Nail, the Weight P is ſuſtained by 
one Weight as Q. e ee 
G .EXPFERRIMEN'T-:46b:.. 4 

2044 If the Weight P be not joined to 3 

Plate © Pulley, but ſuſtained by Ropes, C A and 

Fig. 5. CB ty'd to that, it may be ſuſtained by 

two equal Powers, Let the Triangſe 

CAE be made, as in the foregoing Ex. 

: periment, and let AE be eleven, CA 

twelve and a half, and CE twelve; there 

will be an Ægquililrium if the Weights Q 

and Q be to P as the firſt Numbers to 

the laſt; the Reaſon of this Experiment 
alſo depends on the 196th Propoſition. 

Here we cannot but obſerve by the 

way, that from the given Inclinations of 

the Threads or Cords C A and CB to 

the Horizon, the Proportion of the 

Weights Q and Q to the Weight P, may 


be determined from the Trigonometrical W:; 


Tables. If in in the Triangle A CF, 
the Line Ae be conceived parallel to 
the Horizon along the Point A, and that 
be taken for a Radius of the Circle, CA 
will be a Secant, and eC a Tangent of 
the Angle which CA makes with the © 

Horizon; and A E will be a Secant, and 
e E a Tangent of the Angle of Inclina- 
tion of the Thread CB to the Horizon. 
From whence it appears, that the Weights 
QQ are proportional to the I 
tione 
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tioned Secants; and the Weig ht P 5 
proportional to the Sum 6 the aforeſaid 
Tang ent. ; 1 041 

The Conſtruction or Aue of this 
Machine, wherewith we perform theſe 
laſt Expetintents, is plain enough from 
its very Figure, eſpecially if it be com- 
I pared with the 4th Figure in the 4th 
; plate: Let us then ſuppoſe Lines drawn 
in this Machine, along which the Cords 
: which 80 round the Pulle. S may be ex- 
tended; in the middle of the Lines let 
Numbers be placed, ſhewing the Se- 
cants of the Angles, which thoſe Lines 


wma, 


of theſe Lines let the Tangents of theſe 
0 [angle be marked. 

No in every Caſe where tliere is an 
* L qulllrium, the Weigbts Q and Q 
J ire as the Numbers marked in the 
middle of the Lines, along which the 
Cords are extended, and "the Weight 
A as the Sum 01 the Numbers writ 


4 upon the Ends of both theſe Lines, 

of 8 EXPERIMENT 7 
© Þ To make this Experiment, we uſe the 
d achine mefttd nec in Propoſition 1435 


Z. The: dn placed on an intlined 
1 lat AB; is ultalnedd by a Power draw- 
ing along MS. Let the Line M R be 
Econceived' per pendicular to the Horizon, 
| A 85 0 — to the Superficies 2 
2 3 cue 


Sh 
* 
3 
2 
FO * 
3 


make with the Horizon; and at the Ends 


aud drawn in Plate the VII. and Figure x; 
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ak Planes; in every Caſe where the 
Weight M, is to the Weight of the Bos 
dy M, as MS to M R, the Body reſty\ 

The Body M is drawn by it's own 
Weight along the Direction M R, ag 
is ſuſtained by the inclined Plane, along! 
a Direction perpendicular to the Plane 
and ſo by this Means, this Experimeg 
15 reduced to the ſame, : as the 196th Pro 
poſition explains. | 

EXPERIMENT. 8. 10 

207. The Arms of the Leaver A C B. 2 10 

— 4 equal, and form an Angle; ſo that ji 

Fig. 7. A C be produced towards D, and BI 
be drawn perpendicular to C D; D 
will be the half of B C, or C A: Ang 
the Weight p of one Pound, being 
hanged in; A, and the Weight P of two 
Pounds in B, and the Arm C A . 
placed in a Horizontal Situation, there 

an /Equilibrium, : Becauſe the Weight g 

acts, as if it had been ſuſpended in the 

Point D, as in a right Leaver. Let the 

Plate Weights be changed, and let the great 
Fin 
Fig. 8. in hy — the Arm B C, if its Deſcene 
hindred by a vertical Plane, there is i 
gain an Equilibrium. 

The Arms of the Leaver a are. equil 

and moved equally with the Motion 

the Leaver-; therefore, the Weight þ 

is, as it were drawn T* the Force of 
Weight P, towards E; ina Directiq 
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erpendicular to the Arm B C; that Bo- 
is preſſed horizontally; by the Action 
ea vertical Plane ; and laſtly, by the 
orce of its own Gravity, is puſhed ver- 
Wically.; Therefore the Weight p is drawn 
y three Powers, which are to one no- 
er, as the Sides of the Triangle BED. 
berefore the Force Which tends towards 
De Earth, (that is the Weight p,) is to 
e Force drawing towards E, (that is, 
e Weight P,) as B. N to BE, or DC 
CCB, or CA; that is, as one to two; 
bhich alſo is the Proportion between the 
eight p and P. Here alſo then the Rea- 
aof this, Experiment is deduced from 
e after mentioned Propoſition, 196; and 
ch we may reduce all poſſible 
WE ſes that can be imagined, of oblique 


6 » * N * 3 
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6 F the Pre jeckion of heavy Bo- 
'N EET 2 ine E Þ 86 ; IK FL 
WA B OD I moved by. two Impreſ- 25s. 


10 W1cted, or thrown along A B, in the 

ie it might paſs along AB, it is born 
wn by its Gravity towards the Center 
the Earth along B F, and ſo js moved 
F along 
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ſions, is moved by a Motion com- Plate XV. 
ded of them both. , If a Body be 
dunded ot them both. If a Body be 


09. 


Adden Bae | 
8 A F, by a Motion compounded 


of them two; and in the Gel Mo- 


ment, it would paſs over F C, equal to 
AF, with that Motion, unleſs in the ſe. 


cond Moment it had been carried along 
C, by the Force of its Gravity, ſo that 
in the ſecond. Moment, the Motion is 4- 
long FG In the fime Manner the Mo. 


tion of the third Moment is along & H 


and that of the fourth Moment along 
H I. But inaſmuch, as the Force of Gra- 


vity acts always continually, we muſt 
imagine thoſe Moments of Time the leaſt 
that can poſſibly be, ſo we ſhall have e. 
very where a compounded Motion, that 
is, a : bending of the Line of Diredion, 


In this Caſe then a * is moved i in 4 


Curve Line. 
The Motion of a Body by Projection 


may be conſider d in a more. plain and 


ſimple Manner by us, in all Projections 
that we Can make; becauſe all the Lines 
which tend to the Center of the Earth, 
may be reckon'd Parallels; ; and the Di. 
rection from that Motion, is always the 
ſame. Hence a Motion from Projection, 


is. compoſed. of two Motions only : the 


firſt is equable and along the Line of 
Projection, the lecond accelerated, and 
towards the Earth. 

A Body is projected or Abbe alotls 
the Line A D, parallel to the Horizon; 
in equal Times,! with that Motion, it will 
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| als oyer equal Parts A B, B C, CD; 

d- It is carried by its Gravity, with a Motion 
0 icular to the Horizon, in the Di- 
e. 3350 B E, C G, or D H, which are 
io WW here ſuppoſed t9 be parallel. This Mo- 
at tion is accelerated, and therefore if a Body 
1 be in F after the fit Moment, it will be 
0+ in & after the ſecond, and after the third 
| in H; ſo that ſuppoſing BF to be 1, CG 
will be 4, and D. H. The Body would 
a. MW paſs over a Curve Line, which went thro' 
ut all thoſe Points, which might be deter- 
aſt mined i in the ſame Manner, as F, G and 7 

<- were, nd ſuch a Curve 18 termed a 

ut Parabola 

In, The Machine by which we reduce 216. 
this Propoſition to Experiment, conſiſts Plate XV. 
5 of three Parts; 5 the Conſtruction - or 
Make of which is plain enough from the 
Figure in the Plate. A h is fix Inches 
high, and D E exactly the ſame Height; 
Hb is twelve Medes long; the Point 
H, being placed at an Inch's Diſtance 
ſtom the Extremity of the Cavity; where 
this Point is put. 

E A is hollowed circularly, or accord- 
ing to any Curve whatſoever; and is 
covered with a Plate of Iron poliſhed 
very finely, that the Brafs Ball may roll 
down freely along that Curve; in which 
Devolution Care muſt be taken, that the 
Direction of the Curve in A be Hori- 
20ntal. 5 

Ab 
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A h is divided into 9 equal parts, 5 
which At is 1, and A g 4. When the 
ſecond Part of the Machine is joined tg 
this firſt, it reaches to and g & is 8 In- 
ches; and if the 3d. Fart C C be. added 
to the two former, this, laſt reaches to J, 
and f E is four Inches long. 3 

The Diameter of the Ball P, N in 

making the Experiments, is let down a- 
long the Curve E A, is about half an Inch, 
A leſs Ball, or a larger Machine than that 
we have juſt deſcribed, muſt not be 
made uſe of on this Occafic on ; for the 
leſs Bodies are, and the ſwifter their Mo- 
tions be, ſo much the more, proporti- 
onally is their Motion hindred by the Re- 
fiſtance of the Air, as we ſhall prove in 
its proper Place. 

When the Ball P is let down from E, 
it acquires a certain Velocity, by rolling 
down along the Curve E A, which is 
ſtill the ſame in repeated Devolution ; 
and with that Velocity, and a horizontal 
Direction, continues its Motion. 

| XPERIMENT, _ 

Having joined the three Parts of the 
Machine, as in Figure the 4th, let the 
Ball P be let down from E, it will ſtrike 
againſt F; taking away the leſs Part Q 
jet the Ball be let down again, it will 
ſtrike againſt 'G: And laſtly, if we take 
away the Part B, and let down the Ball, Þ 
it will ſtrike ag gainſt Il. 6 % : 
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f - If there be placed ſome ſoft Clay in H 
and G, the Point where it ſtrikes will be 
exactly marked: But in the Point E, this 
| Method of marking will not do, becauſe 
the Direction of the Motion is too ob- 
lique; but by repeating the Experiment, 
we may obſerve by our Sight only, ac- 
curately enough the Point of Percuſſion. 
The 134th Propoſition is confirmed by 211. 
Experiment, by the help of this Machine ;- 
for as we juſt {aid before, the Ball rollin 
down along E A, ſtrikes againſt H. 
By rolling down along EA, it acquiresPlate XV, 
that Velocity, which it might acquire by Fs 5 
falling down along E D; and with that 
Celerity it is projected horizontally from 
the Point A, and moved equally accor- 
ding to that Direction along h H, whilſt 
by falling it paſſes along A h, equal to 
E D; but h H is double, A h or E D. 
What hath been ſaid of a Curve, de- 
ſcribed by a Body projected horizontally, 
may be applied to any ſort of Projection. 
Let a Body be projected along A E, 
and let AB, BC, CD, D E be equal; a 
Body will paſs over the Curve AF GHI, 
ſo that BF, CG, D H, EI ſhall be to one 
another, as 1, 4, 9, and 16. In which 
Caſe alſo the Curve is called a Parabola. 
8 Dxer1NiTION MH 
Let AT be drawn Horizontal, and let 213. 
the Curve juſt mentioned cut it in L A1 
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is Wale the Amplitude of the Projection 
or Caſt. 

The Motions of Bodies Which are 
projected with the ſame Celerity with 
Directions. differently inclined,” Ae be 
[| compared togetger. 
if Loet AL be the Height to which : Bo: 
| dy projected upwards with any Velocity 
--- can aſcend; and let a Body be projected 

or caſt with the ſame Velocity along A B, 
cutting in B a Semicircle deſoribed with 
the Diameter A L. Let A B ſtand for thi 

Celerity, and let M B be paralel to the 

Horizon. The Motion along A B may 
be reſolved into two others. The firit 
along M A the horizontal Line, and the 
other along A M the vertical; and it is 
with this ſecond Impreſſion only that 
the Body aſcends: The Height theres 
fore to which the Body aſcends in this 
Caſe, is to the Height to which it would | 
aſcend with the Velocity AB, as the 
Square of A M to the Square of AB, 
that is, as A M to A L: But this is the 
Height to which a Body aſcends; with 
the Celerity it was firſt projected with; 
1 therefore A M is the greateſt Height to 
| | which a Body riſes in this Projection. In 
the Time of its Aſcent along A M, 4 
Body might paſs over twice the Space, 
by an uniform Motion, and with the ſame 
Velocity as it was moved along AM 
therefare, in that Time, it would 15 
a no- 
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2 horizontal Motion, paſs oyer double 
the ſpace of the Line M B; and ſince 
the time of the Fall is equal to the time 
of the Aſcent, the Amplitude A B is four 
times as much, as the Line M B. This 
Demonſtration, in whatſoever Inclination 
of the Direction A B, ſtill. ſucceeds : 
From whence we draw theſe Conſe- 
quences. | ; 
1ſt, That the Amplitude is the greateſt, 
ſuppoſing the ſame Velocity, when the 
Angle of Projection is half a right one; 
for then the Line b is the greateſt of 
Wothers, becauſe it is the Radius of a 
3 ene 25 
2d, Excepting only this Caſe, there 
are always two Inclinations along which 
the 7 87 55 is the ſame : For, if thro' 
B, B b be. drawn parallel to A L, cutting 


| the Semicircle in B, and in b, parallel 


to the Horizon. This Line will be e- 
qual to M -B.;. therefore, the Amplitude 


of the Caſt along Ab, is alſo A I. All 


theſe Particulars will be proved by Ex- 
eriments in the ſecond Part of the fol- 
owing Bop ac d os 0 got 

f the Velocity be changed, and the 
Body be projected according to the ſame 
Direction, the Amplitude is changed pro- 
pottionally with the Diameter A E: 
That is, the Amplitudes; ſuppoſing the 


ſame Direction are as the Altitudes, to 


which Bodies projected upward with the 
{ame 
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Fl Velocities can aſcend : Therefore 


_ are as yy 1 9 8101 of theſe Velocities. 


Ee 


. 
„ 
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of Of the Gat Forces 


BODY in Motion, continues td 


ſome new Impulſe ; after ſuch an Im- 


pulſe; it hath a compound Motion, and 


out of thoſe two a third Motion ariſes, 
in a right Line alſo: If therefore a Body 


be moved in a Curve Line, it is impel- 
Mo- 
for a Curve cannot be redu- 
to right Lines, unleſs it be imagi- 
ned to be divided into Parts infinitely 
We have an Example of ſuch a 
Motion in the Projection of heavy Bo- 
dies; and another Example in all Moti- 


ted by ſome new Force at dvery 
ment; 


mall: 


ons ant: a Point, as if a- Center. 


A Body which is continually preſſed 
rg ſome Center, if it be projected | 
along a Line, which doth not paſs thro' 
that. Center, it deſcribes a Curve, 


ind endeavours in every Point to de- 
part, 


move in a right Line, and doth 
not depart from it, unleſs forced by 


8 
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part, or fly off from that Curve, according 
to the Direction of its Curvature, that is, 
| of the Tangent to the Curve; ſo. that if 
that Force ſhould ſuddenly ceaſe from 
acting, the Body would W oe its Mo- 
tion in a right Line along that Tangent. 

A Stone put in a Sling, and whir led 
round, deſcribes. a Curve: Becauſe the 

Stone in a Sling is every Moment, as it 

were, drawti: back towards the Hand.; 

and if it were left co itſelf, would fly 
off along the Tangent of the Curve. 

i: SDESINFTION- 2s i £ 

The Force with which a Body in the 

above-mentioned Caſe endeavours to fly 

from the Center, and ſuch too as is the 

Force with which the Sling being whirl- 

ed round, is diſtended, is called the 
0 entrifugal Force, © 

| DEFINITION Z. 

But that Force by which a Body is 
| drawn towards the Center, is called the 
0 entripetal Force. 

DEFINITION 3. 

| Foth theſe Forces have one common 

[ Name; the Central Forces. 

In every Caſe, the Centripetal and Cen- 

| rrifugat Forces are equal to each other; 

for they act contrary to, and deſtroy 
each other: The Sling Whirled round is 
equally diſtended towards both Parts, 
* the Stone endeavours to fly from 
e 
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theHand with the ſame Force with-whigh 
412 it is held in, or drawe towards the Hang, 
There is the greateſt Uſe of Central Ha. 
netz are mov id in Orbits, and moſt, if not 
5 all of them, are turned round Axles. 55 
212 I ſhall ſelect out the principal Propo. 
Fitions concerning theſe Forces, and e. 
plain, them; and confirm them by Expe. 
rents but muſt firſt! premiſe a-Þp. 
{eriþtion-of, the Machines, with which 
theſe, Experiments are performed. 
222. A is a:wpoden.' Circle: or Orbit, or 
Nr round Table, of about two Foot add 
Fig. . . Half Diameter: The Vertical Section d 
. At isi given in the ſecond Figure, in whit 
* a vepreſents the Sec ion of the Ball it{lf 
and .li che Section af its Prop, whichi 
annexed perpendicularly to the Orbit i 
the Center: This Prop: conſiſts of tus 
Parts'ſeparated in D, which are joine 
with four thin Iron Cylinders, who 
Extremities have annexed to them Ring 
of the ſame; Metal. : | 
The upper Part of the Prop, or Su 
porter, hath the Space cc hollowed roun 
about it, and is bored Cyl:zarically in f. 
and the Diameter of the Bore is tht 
fourths of an Inch. 
The Foot of the whole Machine is 
and is ſolid; on one Side the Table A 
apply'd to it, whoſe Prop _ pal 
8 | throbge 
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chrough the Hole in the upper Square of 

the Foot C, and hath the wooden Head 
Ir joined firmly to it (Fig. 3.) ſo that 
Ithe Hole in the Head may ſuit with. the 
WHole in the Square. 
The Table and its Prop are ſuppor- 
ted by the Wood E D, in which there is 
Ein iron Plate, that bath a braſs Pin ſtuck 
into it: This Wood is joined to the Foot 


Exceed the hollow'd Space c c juſt men- 
Fond: The braſs Plates R R (Fig. 3.) 
Ire inſerted in the Hollowneſs, and ap- 
ply'd to the upper Superficies of this, 
Ind are firmly joined to the Head by the 
Pur Screws, as SS. 
FTheſe Things being after this Manner 
Jiſpos'd, the Table is mov'd with Eaſe 
Porizontally round a Center; and that 
may more commodiouſly be turned 
Wbout, between the Table and the hol- 
pwed Space cc, there is a little Wheel, 
hoſe Section is exhibited in b; in that 
Jace the Prop is a Polygon, and ſuits 
ith the Hole in the Wheel, which 
Ppheel is fixed by Screws el, el. There 
e three more ſuch little Wheels neceſ- 
Wy, whoſe Peripheries are to one an- 
Fler, as 1,2, 3. The Diameter of the 
Waiſt Wheel of all is about five Inches. 
he Table B, which is like the former, 
after the ſame Manner turned round 
Center, in the oppoſite Part of the 
4 Foot 


pf the Machine ſo high, as ſcarcely to 
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/ 

Foot C; yet there is a ſmall Difference *E 
between both. The lower Part too of F 
the Prop of this Table is perforated, as F 
in (Fig: 4.) but is commodiouſly en g 
turned round, and the perforated iron e 
Plate. is apply d in h, in which is inſer. WM 
ted a Tube, joining to another Plate n, IM , 
the vertical Section of which is ſhewed b 
in l, and which ſticks in mi m, the Wood i y 
E D of the Foot C; and E D is perfo. MW 4 
rated in a Place cofreſponding to the Hole IM 1; 
in the Prop; ſo that a Thread may pas 5. 


through e whole Prop, and Wood p. 


E D, from the Superficies of the Ball. 75 
be Wheel, as b ö, which is to thi le 
Table B, is joined to it, and is equal W yy 
the leaſt of thoſe which are e Fa 
annexed to the Table A. of 
The Tables A and B, are either joint. I pre 
ly, or ſeparately turned round ſwiftly be 
by the Help of a great Vertical Wheel tio. 
Q For this Purpoſe the Machine in the ſpe 
fifth Figure is uſed : It confiſts of a woos ¶ toy 
den Plane, which hath a Parallelopipid I big 
fixed in it perpendicular, in whoſe E. W 
tremities in the upper Superficies, the I fart 
Pulleys vv are inſerted vertically; and as 
in the other Extremity, on the Side, Tal 
there is the third Horizontal Pulley i eye 
This upper Superficies, when it is a. Tal 
ply d to the Foot C of the Machine, 5 Poi 
in the ſame Horizontal Plane with tie I Ho! 
little Wheels, which are joined to the Mcorr 


Tables, Suppot 


of f ficke. Boo Ghap!: XXIV. 147 
* I - Suppoſe the Table Bonly toche turn- 
ed round}: the Machine in the fifth 
Figure is joined to the Foot C, by the 
ne ip of two Screws, which pas though 
che Holes, as x, in the Infèrior Planebof 
fte Machine, which! is diſpos d in ſuch 
„A2 Manner, that its uppen Superficies ma _ 
d be lo-ſcituared, with re{pett to theclitt] 
d WW Wheel joining to the Balls, as appears in 
„the ſixth Figure, in which reprꝭſentt the 
ge little Wheel: A Rope goes round the 
s biggeſt: Wheel Q, and from this lower 
4 WW Part goes from e d towards o, is put 
mund the Wheel b, and along the Pul- 
sey t, and going towards £5 Comes tothe 
to 1 Part of the Wheel Q. a 
n the ſeventh Figure, the Scituation 
of The Machine in the ſiæth Fipute is re- 
it- WW preſented, when both the Tables are to 
be turned round together; the Diſpoli- 
eel N tion of the Rope appears from the In- 
e ſpection of the Figure, it goes from v 
00. towards d, to the under part of a 
pid I biggeſt Wheel O. Jt 
Ls In making many Arperimentsf it is 
farther neceſſary to have oblong Bokes, 
as I FE, I E, which are put upon the 
| Tables, and fixed there by Screws; in 
every one of theſe, the Center of the 
Table muſt coincide with the middle 
point of the Box, and there muſt be 4 
Hole — to the Hole g (Fig. 2.) and 
corre ponding to it; in that is inſerted the 
; 2 wooden, 
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wooden Cylinder N (Fig. 2) as it ap: i © 
pears in h b; a glaſs Tube paſſes through i * 
this, and ſticks in s t, with a Diameter  . 
of about one quarter Part of an Inch, MW 

both Ends of which have a' little Hole 8 

in the Middle; ſo that a Thread, or T 

{mall Rope may be moved without any 0 

ſenſible Attrition, or rubbing within e 

E W 
The Box holds a Ball, and is joined ® 
to a Thread, which is put through the MW ” 

Tube above-mention'd ; and where D, 4 

the Prop of the Table is ſeparated, i; 
| joined to the Weight O (Fig. 7.) by Ill ?* 
= | the Help of a Screw; the Weight is pt MW 
on the under Part of the Prop, and h) „ 
the going away of the Ball, is elevated I R. 
from the Center. 1 
This Weight is a Ball of Lead, c i © 
i about two Inches Diameter; in the Cen- Gl 
ter, the braſs Cylinder is fixed to it pe 15 
pendicularly, whoſe upper End is div- I . 

ded into two Parts, that it may receive iſ 8 
the Thread, and thoſe two Parts ar | 


There are alſo ſeveral other Weights th 
ſome of half a Pound, ſome of a quit: 12 
1 ter of a Pound, whoſe Figures are in? M 
(Fig. 7.) and which are placed upon tie % 

aforeſaid Weight O; fo that the Weigit, ® © 
togethe I 


[ joined together by 2 Screw: The Bil Wh - 
4 and Cylinder together weigh half : = 
1 Pound, and there are two ſuch Weights, ch 
| 


FA * 
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o I together with the Ball, may be vatied 
A if Pleaturs, , , 5, ST 
a When a Body placed upon a Plane 223. 
= 8 turned. round.a commen Center, to- 


e gether with that Plane, in an equal 
o Lime, and deſcribes a Circle; if the 
» Il Czntripetal Force, by which the Body is 
10 every Moment drawn, or puſhed to- 


wards the Center, ſhould ceaſe to act, 
und the Plane ſhould continue to move 
de with the ſame Celerity; the Body be- 
D. ins to go off from the Center, along a 
Line, which, in reſpect of the Plane, 
ty WI paſſes through its Center. 
i. ,. 4B SOERIMENT . 44:58 
b Loet there be a Stone ty'd to a ſmall 
od Rope, and let one End of it be fixed on 
the Center.of the Table A or B, and let 
it be turned round alone, until - the 


4 Globe, which is placed on the Top of 
eu. tt, be turned round together within the 
V. me Time; the Globe is at reſt, in re- 
ine WY pet to the Table, and is kept in that 
re Leituation, only by a Rope which is ty'd 
gal de the Center of the Table; and there- 


c , fl fore ſuffers no Impreſſion on that Plane, 
+ WF excepting where the Rope is diſtended; 
tr, MY that is, the Rope whole Direction paſſes 
Wer, | 1 3; | ; 

ur. through the, Center of the Table ; and 
1 if it be left to itſelf, it cannot in the firſt 
te ! Moment be moved on. that Plane, ac- 
abt, cording tõ another Direction. A 


h 5 
= L 3 When 


450 


224. 


. 


Wbema Body is moved round a Cen: 
ter, if in moving it, it approaches neat. t 
er to the Center, its Motion is accele. 
rated; and on the contrary, if it goes 55 
farther off the Center, its We is re. t 
tarded. 8 a 3 t 

EXA MNT RAT | b 
— «The Box EI joins to the round Table ; C 
B, thro' 'whol# Canter the Cylinder C 7 
is inſerted in the Table, together with | 
glaſs Tube, as; was before {aid in the D 
Deſcription of the Machine. ; 8 
The Globe L, ty'd to a Thread, i | 2 
put upon the Box; the Thread is pu 
through the juſt mention'd Tube, and 
paſſes through the whole Prop of the 
Ball, and comes below the Wood EI 
and the End. of the Thread is 1 b 
foe. one's Hand. 

The Ball is turned round ; in the 
Motion the Globe touches one Sided 
the Box, and is carried round with it 
o as to be moved with an equal Veb 
city together with it: Let the Threu 
be pulled, ſo that ſthe Globe may com 
nearer to the Center, it preſently daſia 
againſt. the oppoſite Side of the Box, bs 
cauſe; it ĩs mated ſwifter than the zu; 
=lelf; but if the Hand be moved net WF 7, 
er, and more Thread given to it, h 
Globe goes from the Center, and firiks #3 -* 
againſt the firſt mention'd Side of t 
Boy, + 
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Box, becauſe it is moved flower than 
the Box. 


This Acceleration in the Acceſs of a 
© Body to the Center, and Retardation in 
| the Receſs, is determin'd accurately by 


| the Geometers : For Inſtance, Let a Body Plate 


| be moved, which is carried towards the 
| Center C, in the curve Line A E, it is 
moved ſwifter i in E, and flower in A: 
Let the Lines A C, and BC, EC, and 
1 C be drawn, 0 that the Areas or 
| Spaces ABC, DEC, may be equal to 
one another; the Fortians of the Curve 
AB, D E, are deſcribed by the Body in 
equal Times; and therefore the Body 
which tends to the Center with a certain 
Force, and is kept in the Curve, is ſaid 
to deſcribe Areas round that Center pro- 


portional to the Times. | 
| The Inverſe of this Propoſ tion is alſo 125. 
demonſtrated. 
OA Body which is moved in any curve 126. 


Line, in a Plane, and deſcribes Areas 
round a certain Point, proportional to 
| the Times, is turned and preſſed from 
that ſtreight Line, by a Force tending 


towards that Point. 


I The greater Quantity of Matter there 
l is in any Body, the greater is its Centri- 
N fugal Force, which ariles from the greater 


1 ney of Motion, 


lk 
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If Liquids of different Denfities be in- I. 
cloſed in ſome determined Space, ſo pa 
that the heavier ſhall not be able to go chi 
off from the Center, but the Lighter I loi 
muſt come nearer to it, and be ſo dif. en 

ed, that the Heavier ſhall come to up 
the Center by their Weight, and in the Ct 
Motion round that Center, the Lighteſ lo 
are carried towards it, and the Heavier of 
fly off the Center. If a Solid be in. ty 
cloled in a determined Space with 
Fluid, we may apply in this Caſe what I in 
we juſt ſaid concerning the two Fluids bu 
If the ſolid Body be lighter than the th. 
Fluid, it comes nearer the Center; i w. 
heavier, it goes off from it. All which be 
Phænomena ariſe from the greater cent: th 
fugal Force which is in the heavier Body, I fei 

__ EXPERIMENT z. 

Four glaſs Tubes of about one Ind 
Diameter, and one Foot long, are tied 
firmly to an inclined Plane, and ſeald 
Hermetically at both Ends; in the fit N v 
there is Quickſilver and Water; in the 
ſecond, Oil of Tartar per deliquium, and 
Spirit of Wine; in the third, Water wit | 
a Ball of Lead; and laſtly, in the fourth, i 
Water with a bit of Cork: All the 
Tubes are left half empty. . 
-- This inclined Plane is placed upon the po 
Table A or B, fo that the lower Pat th 
of the Plane may almoſt touch the Ce- 
ter of the Table, and is joined w_ © lo 
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in. Table by two Screws, one of which 

o paſſes thro' x, as in Figure the 8th. Let 

go the Table be turned round, preſently the - 

ter @ lower Part of the Tubes will be leſt 

if. empty, and the heavy Bodies will ſeize 

to upon the moſt remote Place from the 

the Center; the Cork ſinks down in the 

eſt lower Part of the Water, while the Ball 

ier of Lead aſcends up to the very Extremi- 

in. ty of the Tube. | 

1 4 The central Forces do not only differ 229. 

hat in reſpect of the Quantity of Matter; 

debut alſo by reaſon of the Diſtance from 

the the Center, and of the Velocity with 

if which the Body is turned round. And 

ich beſides theſe, there is nothing elſe in 

tt. thoſe Forces which can occaſion any Dif- 

cy. ference between them. Therefore, in 
comparing theſe Forces, theſe Particulars 

ach only require our Conſideration. 

ied DEFINITION 

e Periodical Time, is the Time, in 239, 

ir which a Body rolling round a Center, 

the © performs one Revolution: That is, if it 

nd deſcribes a Curve, which returns into it- 

itt ſelf, that Time which elapſes between 

th its leaving and coming again to one 

the Point. If the Curve-line doth not re- 

turn again into itſelf, a Line which 

the paſſes thro' the Center is to be taken for 

ar | that Point. 5 th 

en. Periodical Time depends upon the Ve- 

tie locity of the Body: and therefore, in 
3 | com- 
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comparing of the central Forces, this 
Time is to be conſidered inſtead of the 
Velocity. . 


When periodical Times are equal, 


and the Diſtances from the Center equa], 
the central Forces are as the Quantities 
of Matter in the Bodies which are turn. 
ed round. 
EXPERIMENT 4. 
Let the leaſt Wheel of the three, ax 


6 b, concerning which we ſpoke in the 


Deſcription of the Machine repreſented 
there, be applied to the Table A ; fo that 
if both the Tables A and B be moyed 


together, they would be turned round 


in an equal Time by the Motion of the 


| Wheel Q. Let oblong Boxes IF, IF 


be applied to each, and Cylinders with 
the Glaſs Tubes G G are inſerted into 
the Props of the Tables, thro' the 


Holes in the middle of the Boxes. 


The Globe'L weighing half a Pound, 
is placed upon the Box of the Table], 
and the Globe L weighing one Pound 
upon the Box of the Table A. The 
Globes are faſtned together by "Threads 
which. paſs thro' the Tubes GG; 
theſe - Threads are tied to Weight: 
which are placed in the Spaces between 
the Props of the Balls; ſo that the Dil 
tances of the Globes from the Centet, 
when the Threads are extended; and 
the Weights are not lifted up, may be 


equal 


A — -A wu c« £&A , Cy 


2 ee oo mim — 2 


equal: Now let there be a Weight be- 


pound Weight, and between the Prop 
of the Table B of half a Pound Weight, 
a, or let this weigh one Pound, and the 
© WF other two. 13/155 7 Re een e 
ln Let the Wheel Q be moved ſwifter 

and ſwifter, until the Weights I juſt 

mention d be lifted up by the centrifu- 
gal Force of the Globes; both will be 


i elevated in the ſame Moment of Time 

ed exactly: Weights therefore, which are 

at as Bodies, are overcome by the centri- 

oY | fugal Force. „ 
nd When the Quantities of Matter on 

te | Bodies turned round are equal, and the 

Il | periodical Times equal, the central For- 

ith ces are as the Diſtances from the Center. 

re | EXPERIMENT 5. .. 


I)umhis Experiment is performed after the 
; | fame Manner as the former; inſtead of a 
no WF Globe of half a Pound Weight, a Globe 


1 of a Pound Weight is placed in the Box 
bh | of the Ball B. Let the Diſtances of the 


| Globes from the Center be in any Ratio 
« if whatſoever, provided the Weights'by 
| which the Globes are joined together 
| have but the ſame Proportion to one an- 
een other; and the Wheel Qbe turned round 
with a continual accelerated Motion, 
| the Weights are raiſed up in the ſame 
I Moment of Time exactly. For Example, 

| Let the Diſtance of the Globe upon 
1 3 
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tween the Prop of the Table A of one 


232. 


Plate 
XVI. 


Fig. | 
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the Table A be 12 Inches, and the 


233 


Weight annexed to it one Pound and z 
half; let the Diſtance of the other Glohe 
be eight Inches, and the Weight annex. 
ed to it one Pound, the Experiment may 
be made with Succeſs. 3 

When the periodical Times are equal 
but the Diſtances from the Center, and 
the Quantities of Matter in the Bodies 
revolving round are different; the cen. 
tral Forces are in the compound Ratio of 
the Quantities of Matter, and the Dil. 
tances, which follows from the two lf 


Propoſitions. And to determine that 


compound Ratio, the Quantity of Matter 

in each Body is to be multiplied by it 

Diſtance from the Center, and the Pro- 

ducts will have the Proportion or Rati 
ſought for. 2 

EXPERIMENT 6. 

If the Globe, which was put upon the 


Table B in the laſt Experiment be al. 
tered, and a Globe of half a Pound 


Weight be put upon the Box, at the 
ſame Diſtance of eight Inches from the 
Center, and the Weight. annexed to it 
be alſo changed; and, inſtead of one 
Pound, half a Pound be applied: The 
Ex eriment may be made with Succeſs 
and the Weights will begin to aſcend 
at the ſame time. If we multiply the 
Globe of half a Pound Weight into its 
Diſtance, 8 Inches from the Center, ” 

o- 
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product is 4; and if we multiply the 
Globe which weighs one Pound, into 
its Diſtance from the Center, which is 
12 Inches, the Product is 12, and theſe 
| Products are to one another, as 1 to 3; 
that is, as the Weights, half a Pound, 
and a Pound and a half, which are lifted 


i up together in this Experiment. 


The Differences of the central Forces, 


which ariſe from the Difference of the 
Diſtances from the Center and the Quan- 
tities of Matter, may mutually compen- 
| ſate each other. For ſuppoſing the 
| Quantities of Matter in the Bodies turn- 
ed round to be in the verſe Ratio of 
their Diſtances from the Center, the 
central Forces will be equal. As much 
| as one Force is greater than the other, 
in reſpect of the Quantity of Matter, 
ſo much the other exceeds that in the 
| Greatneſs of its Diſtance fromthe Center. 


ExERIMENT 7. 
Suppole a Globe of half a Pound, 


| at 14 Inches Diſtance from the Center, 
and a Globe of one Pound, at 7 Inches 
| Diſtance ; and ſuppoſing every thing elle, 
the ſame as in the former Propoſition; 
if the Weights in the Props of the 
Tables be equal, they will aſcend at the 
| ſame time. 35 


There is a Caſe of this Propoſition, 


| when two Bodies joined together with 
2 Thread are turned round a common 


Cen- 


I57 
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Center of Gravity; for the Diſtanca 
from that Center are in the verſe Ra, 
tio of the Weights of the Bodies; and 


therefore the central Forces are equal. 


One Body endeavours to get off fromthe 
Center, with the ſame Force as the other 
Bodies are drawn towards the Center; 
And becauſe of the Equality of thei 
Forces, they do mutually hold each other, 
and continue their Motion : If they he 
turned round another Point, they. dg 
not continue their Motion, and the Body 
which hath the greateſt centrifugal Force, 
flies off from the Center, and carrie 


the other Body along with it. 


Fig. 10. 
Plate 
XVI. 


EXPERIMENT 8. a 
IJ wo unequal Bodies Pand Qare join. 
ed by a Thread, and a Point C is marked 


in it, the common Center of Gravity of 


theſe Bodies when the Thread is ſtretched 
Only one Table is uſed in this Expert 
ment, and an oblong Box is placed upon 
it, bigger than the Ball on both Sides, and 
whoſe Middle agrees with the Center 
of the Ball. The Bodies I juſt men- 
tion d are put into this Box; and the 
Point C is put in the middle Point of 
the Box, the Thread by which the Bo- 
dies are joined remaining extended 
The Table is turned round, and the Bo- 
dies are borne along with it in the Boys, 


and remain quiet in it. Then let tie 


Point C be removed from the Middle : 
tlie 
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the Box, in the turning round, both the 


Bodies will be carried to that End of the 


Box 8, which the Point C was moved 
nearer to. 


The Difference of the central Forces 
is alſo determin d by the Difference of 
the periodical Time. 


When the Quantities of Matter 3 in the 


Bodies turned round, and the Diſtances 
| from the Center are equal, the central 
| Forces are in the verſe Ratio of the 
| Squares of the periodical Times: That 
| is, directly, as the Squares of the Revo- 
lutions made in the ſame time. 


EXPERIMENT g. 
A Wheel bis applied to the Table A, 


| (Fig. 2.) whoſe Circumference is double 
| that of the Wheel, which is joined to 
the Table B; ſo that when the Tables 
are moved together, B is turned twice 
| round while A is once; that is, the 
riodical Time: of one is double the per 
| riodical Time of the other. 


A Globe of one Pound Weight i: 15 put 


in both the Boxes IL, IL, and at equal 
| Diſtances from the Center. In the Table 
B, the Globe is joined with a Weight of 
two Pounds in the Prop; and another 


Globe with a Weight of half a Pound 


in the Prop of the Table A. The Tables 
| are turned round, and the Weights riſe 
up together; the Weights here are as 1 
to 4, and the periodical Times as 2 to 1. 


The 
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Plate 
XVI. 
Fig. 1. 
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The Squares of which are reciprocalh 
to one another, as 1 to 4. 
In what Manner ſoever the centr] 
Forces differ from one another, they may 
notwithſtanding be compar d together by 
what hath been ſaid. For they are 2. 
ways in a Ratio, compounded of the i 
Ratio of the Quantities of Matter in tie 
revolving Bodies, and of the Ratio of the 
Diſtances from the Center, and alſoin IM * 
the verſe Ratio of the Squares of ther IM * 
periodical Times. If we multiply te 
Quantity of Matter in each Body by h 
Diſtance from the Center, and divide the 
Product by the Square of the periodic 
Time; the Quotients of the Diviſions wil 
be in the above-mention'd Compound 
15 Ratio; that is, as the central Forces are 
4  ExPERIMENT 10. 
i After having done-the ſame as wa 
1 directed in the former Propoſition; le 
4 there be a Globe of half a Pound Weight 
L's at eight Inches Diſtance from the Cents 
of the Globe B, and be joined with: 
Weight of eight Pound in the Prop; | 
there be another Globe of one Pound 
at twelve Inches Diſtance from the Cer 
ter of the Table A, and joined with tit 
Weight of an Ounce, and let the Table 
be turned round, the Weights are raiki 

at the ſame Moment of Time. 
The Bodies here are as ; to 1, ti 
Diſtances as $ to 12, the Squares of tit 
wh oh 


237. 


1 A K up. , Y pour 


I 2 | N FEE Re a 6 ad 
3 ] ðVͥ LL cup mn gr, F 


ally 


tra] 
ma 

r by 
Þ 1 
the 
the 
the 
ſo in 
their 
the 
Y its 
> the 
dic 
wil 
und 
are 


Wo 
z let 
igt 
enter 
1th; 


und, 
1 tie 
ab 


ailel 


| one another. 


| the central, Forces. 


and a 


Prop of the other Table A be half a 


tl Jables, the We 
f tie ; 


per: . 


of Plyf cks. Book L . Chap, XXV. 
periodical Times, as x to 4. r 
4 by 8, and divide the Product by 1, the 
Quotient: is 4. Multiply 1 by 12, and di- 
vide the Product by 4, the Quotient is 3. 
Therefore, the Rb Forces are to one 
another, as 4 to 3. But the Weights at 
the Props are in the ſame Proportion to 


10 


When the Quantities of Matter are 
equal, the Diſtances are divided by the 
Squares of the periodical Times, in or- 
der to determine the Proportion between 


In that Caſe, if the Squares of the 
periodical Times be to one another, as 
the Cubes of the Diftances, the Qurotienrs 


| of the Diviſions Wifl be fn the inverſe 
| ratio of the Squares of the Diſtances, as 
| alſo will the central Forces. 


EXPERIMENT Tr. © 
As inthe two laſt Tas. deſeri. 


bed, let the periodical Times of the round 
a Tables B and A, be to one another, as x 


Let the Globes be equal, and let 


1 ö the Diſtance from the Center 1 0f the Ta- 
ble B, be 10 Inches; and the Diſtance 


of the other Globe 1 Inches. Let the 


Weight joined to the firſt be one Pound 


Quarter; - and rhe Weight in the 
Pound : In the turning rotmd of the 
ights aſcend at the ſame 
Moment of Time. In this Experiment 


3 the 
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the central Forces are as 5 to 2, hee 
may be ſeen. y. computing. This ratiq 


or Proportion differs a little from the 7y. 
verſe ratio.of the Squares of the Diſtances, 
which are to one another, as 200 to 512. 
The Cubes alſo of the Diſtance are very 
nearly as the Squares of the periodical 


Times; theſe are as 1 to 4, and the for. 


mer as 125 to 512, which Proportions 
do not differ much: If we. uſe other 
Numbers, the Proportions will be exactly 
the ſame, and the Experiment will prove 


the ſame: But the periodical Times of 
Weights cannot be commodiouſly varied 


according to any Proportion. 
Vhen the Force with which a Body 


is carried towards a Point, is not every 


where the ſame, but increaſes or grows 
leſs, as the Diſtance from the Center, 
doth, according, to a certain Proportion, 
| ines ariſe hence. 

If that Force decreaſe in the verſe 
ratio of the Square of the Diſtances from 
that Point, the Body will deſcribe an 
Elhpſis, that is, an oval Curve, in which 
there are two Points which are called 
Foci, and the Point to which that Force 
hath its Direction, coincides with one of 
them, ſo that the Body ſhall once in every 
Revolution come to, and go from this 
Point. A Circle belongs to this ſort of 
Curve, and ſo in this Caſe a Body may 


deſcribe a Circle; and fo the two other 


conick 
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cinick Sections a Paralola and an Hyper- 
hola, which are Curves that do not re- 
turn into themſelves, may be deſcribed 
dy a Body, ſuppoſing it to have a much 

| oreater Velocity. 1 | 
On the other Hand, if the Force ſhould 

increaſe with the Diſtance, and according 
to the Proportion of its Diſtance, the Bo- 
| dy would again deſcribe an Ellypſis ; but 
| then the Point towards which is the Di- 

| rection of the Force, is the Center of 
the Elhypſis, and the Body in every Re- 
| yolution it makes, comes twice to that 
| Point, and goes twice from it: A Body 
| alſo in this Caſe may be moved in a 
Circle for the Reaſon juſt mentioned. 
> Ha. EXPERIMENT 12. 
5 W LetaGlobeorBall of Lead be ſuſpend- 
ed by a pretty long Thread; if it be 
» W drawn back from the Point where it 
| reſts, it will notwithſtanding be always 


— - e — md 
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0 preſſed towards this Point by its Gravity, 
n and with equal Force in every Part, if 
the Diſtance be equal. The Globe in 
its Motion from the mentioned Point 
4 WF deſcribes a Circle, towards whatſoever * 
WF Part it be drawn back; if the Portions 
i If of the Circle are not very large, they 
will coincide with a Cyclois, and the Force 


Þ with which the Globe in any Point is car- 

| ried towards the loweſt Point, is as its 

| Diſtance from this Point; therefore that 
Force increaſes in Proportion to its Di- 

ck ſtancſte. M 2 8 
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Let the Globe be drawn back from 
the loweſt Point, and be projected or 
thrown obliquely, it will deſcribe an o- 
val Figure about this Point; which Fi. 
gure, when the Globe doth not run a ye. 
ry great Space, doth. ſcarce differ at all 
from an Elhpſis, becauſe of the Propor. 
tion of the Forces, and becauſe as to 
Senſe and Appearance, the Globe is 
moved in this Caſe in the ſame Plane. 
The Center of an Ellypfis is that Point, 
in which a Globe reſts when it is not pro- 
jected, and to which a Globe in making 
every Revolution it comes twice to, and 
goes twice from. If a Globe be ſuſpend- 
ed on a Table in ſuch a Manner as almoſt 
to touch the Table where it reſts, and 
that Point in the Table which correſpond; 
to the Globe be marked, the Experiment 

f may be more plain to our Senſes ; and 

i by following the Globe in its Motion, 

UT its Way may be marked on the Table 

ir | | - with a Chalk. 

= 224. If the Proportion mentioned in Rule 

by the 2o1ſt and 222d of the Forces whici iſ 

Fi preſs the Body towards that Point be I in! 

| changed a little; the Body will w die 

longer deſcribe an Ellypfis, but a Curve, ¶ «4; 

which may frequently be reduced to u ex. 

| Elhpſis, by ſuppoſing that Plane in which I pl; 

i the Body is moved, to be moved it fl I 

#1 * and fo the Ellypſis to be moves- 

V1 E. 

* EXE 
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Z 
be ſame Things being ſuppoſed with 
mM BF tte foregoing Experiment; let the Globe 
* de projected ſo as to run out a great Di- 
„ ſtance; it will deſcribe. a Curve, which 
may be conſidered as a moveable oval Fi- 


* 


„ cure: Indeed it comes twice to the Cen- 
Il ter in every Revolution it makes, and 
goes twice from it, but the Scituation 
0 of the Points of its leaſt and of its great 
» Diſtance, is changed in every Revolution, 
nnd they are always carry'd on towards 
the ſame Part, and their Motion conſpires 
. with the Motion of the Globe. 
d ae 
-i. Ss 8 2 SR eee le, 85 88888 
i 
d e 5 
d 
1 | Of the Laws of Elaſticity. 
| | 
| E have already conſidered what 

; | Elaſticity is, and whence it ari- 
| ſes, and farther too, what muſt happen 
e in the direct or oblique Meeting of Bo- 
0 IF dies mutually ſtriking or daſhing againſt 
each other. It remains now for us to 


examine the Laws of Elaſticity by 
| Plain Phænomena. bt 
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All Bodies which we can diſcover to 
have any Elaſticity, conſiſt of thin Threads, 
or may be conſider d as compos'd of ſuch; 
for in this Caſe a Body may be imagined 
to be divided into ſmall Threads, and 
that thoſe Threads placed on one another, 
do conſtitute the Body: That we may 
therefore examine Elaſticity in the moſt 
ſimple Caſe, ſome Strings, and thoſe of 
Metals, are to be conceived ; for String 
made of the Entrails of Sheep, form x 
Spire, and cannot be conſidered. of the 
ſame Nature, as the Fibres which conſti- 
tute Bodies;-— t a ue 
The Elaſticity of Fibres conſiſts in 
this, that they can be extended or ftretch- 
ed; and if we take Care to take away 
that Force which ſtretches them out low: 
ger, they again return to their firſ 
Saath3- fr 7 17 


— 
*? 


The Fibres have no Elaſticity, unlek 
they be ſtretched by ſome Force, as is 
plam from Strings which are not ſtretch- 
ed enough, and whoſe Ends are fixed; 
which, if they be moved a little out of 
their Situation, do not return again tot, 


But Philoſophers have not yet been able 


to determine from Experiments, what 
the firſt Degree of Tenſion, in which 2 
laſticity begins. 0100 IE 
When a Fibre is ſtretched with a to 
great Force, it loſes its Elaſticity; nei. 


ther is this Degree of Tenſion diſcovered 


yet: 
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yet: But thus much is known, that the 

Tenſion of the Fibres, which conſtitutes 

Elaſticity, is reſtrained to certain Bounds. 

'" Hence appears the Difference of Bodies 24. 

elaſtick and not elaſtick, and why an ela- 

ſtick Body loſes it Haſticity ; ; and how, 

when it is deprived of that Property, it 

may acquire it again. A Plate of Metal 

is made claſtick by repeated Strokes of a 

Hammer ; and by being heated loſes that 

Force, | 

Within thoſe Bounds of Teuiton, which 

Cella Elaſticity, a different Force is re- 

ger according to the different degree of 
enſion, in Order to ſtretch a String out 

A certain Length. And we ought to deter- 

mine from Experiments, what Proportion 

takes Place here; and theſe Experiments 

are to be made with Strings of Metal or 

Wires: But ſince theſe Wires are ſcarce - / + 

ſenſibly lengrhned, the Proportions direct- 

Ty of — Length cannot be meaſured; and 

Way. muſt be determined ſome other 
ay. 

150 the Ratten String AB be ſtretch- Plate | 

ed with a certain Force, and both its Ends ox II. 

fixed in A and B, then let a Weight be _ 

hanged in the middle of the String, ſo that 

it may acquire the Situation A C B. 

CWC 

A Line as Oc from the middle Point of 

the String after Lending to the mid- 


811 10 


| OY y 4 Ee 
” SB a% 4& 
ww 77 T; £2: 

1142 a 


— 
* 


—.— 


— 


5 


N 5 a 8 4 1 f ; | oy 8 © _ Þ q 
D „ aw, ph! ri 18 f 
ie Mathematical Elemente of 


dle Point in its natural Situation, is called In 


. 
- 


the Arrow of the String. oo | dr 
1 Let ce be a Portion of a Circle, which : 
zs deſcribed with the Centre B, and Ra- me 


dias Bc. In this Bending, half the Strin 
is lengthned by the Quantity Ce; 5 6 
Quantity hath a certain Ratio or Propor- 


| tion to the Arrow Cc. q Pr 
1 The Weight alſo, with which the String ly 
; is bent, is in a certain Proportion to the * 
Force with which the Fibre is diſtended, : 
= that is draw along Bc; and ſo by com. 1 
1 paring in ſeveral Experiments, the Arrows * 
c, and the Weights with which the 1 
4 Strings are bent, the Proportions of the h 
| \ Lengths are determined, as will appear a 
1 dy the following Experiments. | 
. Pic. The. Machine or Inſtrument by which I 
1 XVI. theſe Experiments are made, is a wooden f 
; | Fig. 2. Table in a vertical Situation, and about | 
14 three Foot long, and one Foot high. The . 
8 | wooden Rulers mu, m2 u, join to the Table, ; 
4 and two Priſms H H are ſuſtained by them, | 
; dig Which are moved along thoſe Rulers, and | 
3 11/7 greevery»where fixed with Screws, which | 
1 go tluo' the Openings in the Table. 


There are equal Diviſions made be- 


OE ie a LK 
* 6 ru 
9 


| tween; A and B, from the middle of the 
| | Table, towards both Sides, in Order to | 


3 ns one BE 
_— 2 221 4 — 


Netermige the Situation of the Priſms. 

4 1 there is a hollowed Space, in 

Which there is joined: on the Side fk 
FEY Inſtru- 
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Inſtrument, a Pulley T, whoſe Figure is 


drawn in Plate XIII. Figure 1 
The String with which the Experi- 
ments are made, hath one of its Ends 
joined to the End of the Ruler mn, and 
the other End goes round the Pulley T, 
with the Weight P ſtretching it, and the 
Priſms HI H ſuſtaining it, in Points equal- 
ly diſtant from the. Middle of the Inſtru- 
ment. h 


In the Middle of the Table, there is 


inſerted à Braſs Plate d e, divided into 


yery ſmall Parts; and according to theſe 
Diviſions, the Braſs Plate Fig, which is 
hanged to the String, is moved, and hath 
a Hole, thro! which it is put. A Scale is 
ty d to this Plate,which together with the 
Plate fg, weighs exactly an Ounce. 
The Length of the String is determi- 
ned 3 in Experuments, by the Diſtance be- 


tween the-Tops of the Priſms HH: For 


in the leaſt Bendings, by. Means' of the 
Weights-hanged on C, (concerning which 
Bendings only, the Experiment is made) 
the String upon the Prims is not moved, 
and the Weight P is not elevated, and a 
Part only, '#s A B, is produced or lengths 
ned by thoſe: Bendingss. 

In the Bending of the String, the Ar- 
tows are meaſured by the Diviſions of the 
Plate e d, for the Extremity g of the 
Plate g c, deſcends always equally with 
the Point C in the bending of the String. 

_ Expr- 
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„ e erz iinet 0K: hi] 
Let P be a Weight of two Pounds, 
and let the String be bent in C, with 


the Weight of one Ounce; that is, with 


the Weight of the Scale, and Plate f g, 
and let the Diviſion in the Plate e d, to 
which the Extremity g, of the Plate f g 
deſcends, be marked: Let the Weight 
P be changed, and ſuppoſe it now to 
weigh four Pounds; the Weight alſo 
mult be doubled by which the String is 


bent, that g may deſcend to the ſame 


251. 


252. 


Diviſion: Here then the Weight muſt 
be two Ounces, and when the Weight 
P is ſuppoſed to be fix Pounds, a Weight 
of three Ounces is required, in order to 


occaſion a Bending. __ 


From this Experiment it follows, 
That the Weight by which a Fibre is 
produced, . or _ lengthened, à certain 
Quantity, is, through the. ſeveral De- 
-Lrees of the Tenſion of the Fibre, as 
the Tenſion itſelf is: For Inſtance, "If 
there be three Fibres of the ſame Sort, 
Length and Thickneſs, whoſe Tenſions 
are as one, two and three, any, Weights 


in the ſame Proportion to one another 


as thoſe Numbers do equally ſtretch and 
lengthen tlioſe Fibres. 

mhe leaſt Lengthenings of the ſame 
Fibre, are to one another | very nearly 


4 
þ > 44 — 


as the Forces with which the Fibres are 


ſtretched and lengthened: For . 
| et 
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Let there be a Fibre ſtretched with the 
Weight of a hundred Ounces, if it 
ſhould be ſtretched with the Forces of 1, 
3 Ounces ſeparately, the ſeveral 
Lengthenings would be very nearly to 
one another, as the Numbers 1, 2 and 
z; that is, every Ounce Weight which 
is added, doth equally lengthen the Fi- 
bre: For the Tenſions by the Weights 
100, 101, 102 Ounces, with which the 


Fibre is ſtretched in each Caſe; when an 
| Ounce more is added, have not any ſen- 
| fible Difference between each other. 


. 
M 


— 9 I 


This Property of Fibres may be ap- 
| plyd to their Bending, and is of great 
| Ule: Let the String 
that it may acquire the Situation A c B, 

Ac B, and A C B; 

greateſt Bending, the Arrow fhall not 
be above the one quarter of an Inch, 
ſuppoſing the String to be 2 Foot and a 
half long; in theſe Caſes the Length- 
nings of the String are extreamly little, 
and therefore proportional to the Forces 
| which produce them. Let c D denote 
the Force by which the String without 
* bending is diſtended, and let the Circle 
D d be deſcribed with the Center B: 
= The Lines 4c, dc, d C, which exceed 
2 the Line c D, by the Quantity which 
the Fibre was lengthened in each Caſe; 


A B be ftretch'd ſo 


yet ſo, that in the 


do expreſs the whole Forces by which 
the Fibre is ſtretched in every 


Matlemati l Elements 


But here the Arch D & is ſcarce one Des . 
gree, and D is always far enough from 
the Point c; therefore D d may be con- 
ſidered as a right Line, and parallel to 
c C, and the 1 c d, C d, are 
in the ſame Ratio as the Lines c B, c B, 
C B; therefore the Priſm C is always 
drawn towards B and A, with Forces 
proportional to the Line CB or C A, 
and the Arch by which. the String. is 

bent, and . whoſe Direction is along c C. 
is as the double Arrow, or as the Arrow 
itſelf: Therefore in all the leaſt Bend- 

ings of whatſoever String, the Arrow is 

; * Increaſed or diminiſhed in the ſame Pro- 

8 | portion as the Force with Wen thy 

118 String 1s bent. 326 
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253. Err idr ST... 
Plate The String A B, ſtretched by ay 
XVI. Weight, is, wy with the Weights 
one Ounce, of two, and of three * 
ces; the Deſcent of the Point g, that 
is, the Arrows themſelves are to one an- 
other as the Numbers 1, 2 and 3. 
254. In String s of the ſame Sort, T hick- 
1] neſs, and — diſtended; but of dif- 
ferent Length, the Lengthenings which 
ariſe from the Addition of equal Weights, 
are to one another as the Lengths of the 
Strings themſelves: This appears : from 
hence ; becauſe the String, i is ſtretched e- 
qually in every Point of it; therefore 
the Lengthening of the whole String is 
double 
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String of half its Length. 


Strings. 
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double that of half the String, or of a 

As for what relates to the Bending of Plate 
thoſe Strings, Let A B, a b, be Strings * 
of the ſame Sort and Thickneſs, but of | 
different Lengths, and equally diſtend- 
ed, and bent in ſuch a Manner, that A 
C B ſhall be the Situation of the one, 


and a d b of the other; and let the Tri- 


angles B Cc, and b d d be ſimilar: c B 

is to d b (that is the Lengths of the 

Strings) as C B to d b; therefore the 

Strings are ſtretched and lengthened 

proportionally to their firſt Lengths, and 

therefore are drawn by equal Forces, ac- 

cording to the Directions b d, b d, a d, 

B C, A C; but becauſe the Triangles 

juſt mentioned are ſimilar, the Forces 

which act along c C, and D d, are e- 

qual to one another, and the Arrows & 

C, and D d, are as the Lengths of the 

Strings: This therefore, ceteris paribus, 

happens always in unequal and bent 

EXPERIMENT 3. 255. 

The String A B, is ſtretched with a- Plate 

ny Weight, the Priſms H H being pla- FI. 

ced on both Sides at the ſixth Diviſionn: 

Let it be bent with any Weight, ſo that 


the Arrow may be ſix of the Diviſions 


of the Plate e 4: Let the Priſins be al- 


ter d, and placed at the fourth Diviſion 


of the Table, on each Side, the Arrow 
then 
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Mathematical Elements? 
then will be four Diviſions of the Plate; 
and ſo for whatſoever Situation of the 
Priſms. * 4 „ 

Fibres of the ſame Sort, tho' of diffe- 
rent Thickneſs, are compared together ; 
they may be conſider'd as conſiſting of 
ſeveral very thin Fibres of the ſame 
Thickneſs, the Number of which in the 
above- mentioned Fibres, will be propor- 
tional to their Solidity, that is, as the 
Squares of the Diameters, or as the 
Weights when the Fibres are equal: 
Therefore theſe Fibres are equally di- 
ſtended by Forces in the ſame Proporti- 
on as the Squares of their Diameters; 
and it is alſo neceſſary that the Forces 
by which a String is bent, ſhould have 
this ſame Proportion, in order that the 
Arrows may be equal in equal Fibres; 
but if the Force with which an Arrow 
is diſtended, be diminiſhed in the ſame 
Proportion with the Force it is bent, the 
Arrow is not alter'd : Therefore, ſuppo- 
ſing the Forces be equal with which the 
Fibres are diſtended, if they be alſo bent 
with equal Forces, the Arrows in that 
Caſe too will be equal, ng 
whatever the Diverſity of the Thickneſs 
may be. — 

EXPERIMENT 4. 

Let any Number of Strings be given 

of the ſame ſort, and of unequal Thick- 


neſs ; let theni be ſeparately applied to 
t 


he 
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the Machine, leaving ſtill the Priſms H H, 
if they are ſtretched with the ſame Weight 
p, and bent with the ſame Weight L, 
the Arrows will be equal. | 5 
If the String A B, ſtretched in what 
manuer ſoever, be bent ſo as to acquire 
the Figure A CB, and be then left to it 
ſelf, it will return again to its firſt Figure, 


by its Elaſticity; and in that Caſe, the | 


Motion of the Point C is accelerated; 


for in the Situation A C B of the String, 


the Point C is moved with the Force by 


| which it might be held in that Situati- 
on: This Motion is not deſtroyed, but 
| hath a Force ſuperadded to it, in every 
Point of the Arrow, which would be ſut- 
| ficient to hold the Point C in any of them: 
The greateſt Celerity is in c, and in that 


the Point C is carried out farther, and then 


returns back and makes ſeveral Vibrati- 


ons, in which the Point C goes over but 
ſmall Spaces. For which Reaſon, the 
Force with which the Point C is moved, 
in all the Diſtances from c, is as this Di- 


| ſtance: Therefore this Motion is agreea- 


ble to that of a Body vibrating in a (cloir, 
and the Vibrations, tho unequal, are equal 
in their Direction. 5 


Suppoting two Strings alike, and equal, 


5 but une qually ſtretched, unequal Forces 
| Are required in order to bind them equal- 


* 
EY 
i 
2 
#2 
Y 
720 
4 
30 
55 
= , 


. 


equal Times. 


| ly, therefore they make Vibrations in un- 


Their. 
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Mathematical Elements |, 
Their Motions may be compared td 
the Motibns of Pendulums vibrating in a Ill 
Cyclois, and deſcribing like Cycloid's in 1! 
different Times: And the Forces are if i 
znverſely as the Squares of the Times of t 
the Vibrations: Therefore,in Strings, the 
Times of the Vibration are to one another 
#verſely as the Forces with which they are 
equally bent; and theyare as the Weight 
with which the Strings are ſtretched. . 
When the Strings are alike, and equal. 
ly ſtretched, but of different Length, 
their Motion may be compared to the 
Motion of Pendulums after another Man- 
ner; for when we treat of the Time of 
the Vibrations, the Celerities with which 
the Strings are moved, ought to be con- 
ſidered ; and in the Strings A CB, a 4b, 
whoſe Arrows are equal, and in which 
the Points C and d may be confidered as 
deſcribing like Cycloids, the Celerities 
with which thoſe Points are moved in 
correſponding Points, are to one another, 
in the inverſe ratio of the Squares of the 
Times of the Vibrations. In Pendulum 
and equal Strings, the Forces are uſed in- 
ſtead of the Celerities, becauſe they are 
in the ſame Proportion. 
Let the Strings A B, a b, be divided 
into moſt minute Parts, but of equal Þ 
Number in both: The Spaces to be pals te 
over by the correſponding Parts, will be t 
equal, ſuppoſing the Arrows are * the 
| ang! 
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3 and theſe little particles will make like 
1 Vibrations: But the Quantities of Matter 
nnn the corel} ponding Particles are as the 
e whole Strings: In order therefore to de- 
of 
Ie 
er 


termine the Celerities of "theſe, in the 
correſponding Points, the Forces with 
er which the Strings are bent, when the Ar- 
e fows are equal, ouglit to be divided by 
ts the Quantities of Matter in the Strings3 
If +5 doth appear from the's4th Propoſition, 
* & is plain then thoſe Colbrities are dire. 
th, h as the Weights with "which the Strings 
he ire bent, A0 inder ſely as the Quantities 
n- of Matter in theſe Strings, chat is, Inverſe- 
ol Ir the Lengths of them. But thoſe 
Weights ate in the inverſe tutio of the 
on. Lengths of the Strings, therefore the Ce- 
15 lerities are in the duplicate in verſe ratio of 
ich J theſe Lefrgths; / that is, in verſeh as the 
] 23 Squares of their Leneths; 3 and ſo alſo are 
ries I the Squires of the Times of the Vibra- 
in tons in the ſame inverſe Fatio, There- 
| fore che Lengths of the Strings are as : 
| the Times of the Vibrations. ©—@— 
Aſtef the ſame Manner, the Times of * 
. the Vibrations of Strings of a different 
ae Thickneſs, are compared together; ſup- 
1 polingthe Strings are equal, -and ſtretched 
with "equal Weights ; the Quantities of 
| Matter are as the Squares of the Diamie= 
| ters: Therefore, in order to determine 
the Celerities of the correſponding Points, 
the Weights with which the Strings are 
N N bent 


Strings of 
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fixed, be bent with two Forces, by which 
y it all reach a b and ab; if one be i | 
f ble the other, bb and b Bwill be equal; 
4 and therefore, in Vibrations, the Motion 


of the Plate is accelerated in the ſame 
E Manner as the Motion of a String, and 8 
the Motion of a Weight in the Cyclois; 7 

and theſe Vibrations are of equalDuration. ; 

de EXPERIMENT 5. Plate 

ho The Plate A conſiſts of ſeveral elaſtick XVII. 

Plates joined together; it is put into the Fiss 

c Box B, and is there moved on both Sides 

- ¶ between the Rulers C d, c d; two Threads 

te are ty d to the 1075 Part of the Plate, 

the and are put "thro' the Holes ee in the Bot- 

ole tom of the Box; a Weight of half a 

d Pound is hang d to the Threads, and it 

the deſcends for the Space of half an Inch, 

= and add again an equal Weig aht, the De⸗ 
ſccent will Be for al an Inch again; and 

5 {0 on till the Plate can be compreſſed no 

longer. 5 

. Every little Plate is bent proportional- 

ki ly to the Weight,” and, the Motion of 

nich! the Weight, b y all the Bendings joined 

red together, is in Te ſame, Pro i ar The 

Experiment is made with eral Plates 

| join'd together, becauſe the Direction of 

| the Action of the Weight on the Plates, 

is not ſenſibly alter'd in  Gfferent Ben- 

| dings. 

What hath been ſaid concerning the 255; 
Bending of Plates, may be 'apply'd to Plate 


XVII. 
- the Fig 7 


| 
| 


; 
' 
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the Curve Plate A CB; if that be pref." 
ſed by two Weights, ſo as to acquire the 
Situations ac 5, 4c b, and the Weights 
be to each 0 her, as one to two, the Di- 
ſtances cc and C, will be equa A, there 
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C, are as the Weights With which the 
Plate is preſſed, which may alſo be ap- 
ply'd to the og inwardly of ſeve. 
| E Plates join” d together. + Jeu 
266. Ihe Globe or Ball A CB of elaſtick 
Plate Matter, may be conſider'd, 2s conſiſting 
AE! of fey ekal 17 n the Tien award 
Fig. 
ly of a Point, as C, will be proportional 
to the Forces with which, the Body is 
compreſſed. 
Plate Let the point C of the Globe or Ball 
TT ACBE, ſtrike feveral Times againſt any 
5 ” Plane; and let (the Point C yield in. 
wards to Ad and D, the Strokes will be 
to one another as the Lines C 4, C 4, 
CD: In the firſt Stroke the Part ach 
is made Plane, in the ſecond, the Part 
ach,and in the third, the Part A CB; 
And ſince we do always mean here the 
leaſt Arches that can be imagined, the 
Arches that the Diameters of the Super- 
ficies of the Planes made by the Strokes, 
are to one another i in Appearance, as the 
Cords Ca, Ca and C A therefore the 
Superficies are as the Squares of thoſe 
Cords. And the Lines Cd, Ed and 


CD, which are to one mother as the 
Strokes 
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Strokes, are alſo in the ſame Proportion, 
from the very Nature of a Circle: There- 
fore, in elaſtick Spheres, the plane Super- 
ficies made by Strokes, are in the ſame 


Proportion to each other as the Strokes. 


EXPERRIMENT 6. 

Let there be a Marble blue Plane 208; 
fixed Horizontally, and wetted a little, to 
make the Colour more intenſe; it an 
Ivory Ball fall down and ſtrike it, that 
part of the Ball which being made Plane 
touched the Stone, leaves a round Spot 
in its Superficies: Let the Globe fall 
from a Height of nine Inches, and 8 
the Spot be E. Let ic fall from a Height 
of 3 Foot, four Times as much as the or- 
mer, and let the Spot be E: Laſtly, ler i 8 4 
fall from a Height of 6 Foot and 9 Inches, 2 
namely nine times the former arr ee 3 4 
and let the Spot he G: In this Experiment 
the Strokes of the Body on the Stone, 
are to one another as 1 2 and 3, and ſo 


4 


| alſo are the Spots E, F and G: for draw 


the Rectangle Triangles D A B, DBC, 
in which the Sides D A, ABand. BC: 7 5 5 
are equal to one S another, and to te Dll. 
ameter of the Spot E, the Line BD will 
be exactly equal to the Diameter of the 
Spot E, and the Line C D to the Diame- 


* 
"2 


of the Spot G. 


The End of the Firſt Book. 
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07 the Gravity, Preſure, 
and Ref fiance of Fluids. 


ieee 


B 
x|| Y th, Gravity of” the Parts of 


of . the Effect ther- 


oi in Aluids. - 
aan HAT Body 1s called a Fluid, 


1 | whoſe Part ts yield to any Im- 
JR preſſion whatever, and by 
iaielding are very eaſily put 

into motion among them- 


ſelves x. *, From whence it follows, that 
| FAT . Flu- 


-Y * n —- 

Book II. Fluidicy ariſes from the Parts not Ricks. 

ing cloſely together, and their Moti 

not being biodered by any Roughneſs d 
the Superficies of the Parts 3 as in * 
Caſe of Duſt. 2 

But the Partieles, of- which El 
conſiſt, are of the ſame nature and ba 
the ſame Properties with the Particles 
of other Bodies. For Fluids are often | 
changed into Solids, when there is a } 
cloſer Coheſion of their Parts, as in Ice: 
On the other hand, Metals, when melt. 
ed down, give us an Example of a Solid 
being changed into a Fluid, 

270. Fluids do alſo agree with Solids i in 
this, That they conſiſt of heavy Parti 
cles, having Gravity proportionable to 
their Quantity of Matter, whereſoever 
ſituated. If that Gravity be not ſen. 
ſible in the Fluid itſelf, it is becauſe the 
lower Parts ſuſtain the upper, and keep} 
them from deſcending: but that the 
Gravity itſelf 1s not therefore deſtroy'd, 
appears from hence; That a Fluid com 
tained in a Veſſel dep reſſes a Ballance, 
on which the Veſſel nes in propor- 
tion to its Quantity. That this Gravity 
is preſerved in the Fluid every where, 
is further proved by the follow ing Ex. 

periment. 

271. In this, as in many other Hydroſta 

Tab. xvii. EIcal Experiments, that is, Experiments 

Fiz-t relating to the Gravity of Fluids, wy 
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of Pursicks. 2 
ſe a Ballance as exact as poſſible, differ- Chap. 1. 
g from common ones in this only, 
hat in this we faſten two Hooks V,V, 
d the Scales, to hang the Bodies upon, 
hich are to be immerſed in rhe Fluids, 
The Ballance itſelf is hung' up by a 
ope, put through two Pullies T, T, 
t the end of which hangs a Weight P; 
y lifting of which up and down, the 
Wallance may be eaſily pulled up or let 
own, and hung at any given Height. 
71 ExęRERIM ENT I. Ro 
Let the Vial D be ſtopt, and faſten'd 
yea Horſe's-Hair to the above- men- 
Won'd Ballance, and fo immerſed in Wa- 
Er; and let an Equilibrium be made, 
y putting a Weight into the Scale B: 
the Vial, continuing ſtill immerſed, 
Wc opened and filled with Water, the 
Nater in the Vial will preſs down the 
Wallance, though it have a Communi- 
Wtion with the Water that is without 
: If by the Addition of another 
. 


eight you reſtore the Equilibrium, it 


ill be preſerved, how deep ſoever you 
Iymerſe the Vial in the Water. 
From this Gravity it follows, that 
e Superficies of a Fluid, ſhut up in a 
eſſel to prevent its running out, if 
tat Fluid be not preſſed upwards, or 
; equally preſſed, which makes no 
teration, will become ſmooth and pa- 
illel to the Horizon. For ſince the 
(A 2) Pare 


4 Mathematical Elements | 
Book II. Particles yield to every Impreſſion WM + 
& VV whatſoever, their Gravity will keep Ie 
them in motion, till there is no room WE v 
left for them to gravitate into. | | h 
273. The lower Particles ſuſtain the up- 
per, and are preſſed by them; and c 
that Preſſure is proportionable to the BF « 
Matter that preſſes : that is, to the WI 
Height of the Fluid above the Particle 
that is preſſed. And ſince the upper. MW 
moſt Surface of a Fluid is parallel to WF v 
* ,7,. the Horizon, * all the Points of any I e 
Surface, which in a Fluid is conceived ID 
to be parallel to the Horizon, are equal BW u 
ly prefſed. _ es:! F 
If therefore there happen to be in I B. 
any part of ſuch a Surface a leſs Preſ. I cc 
ſure than in other parts, the Fluid, I th 
Which gives way to every Impreſſion, I fo: 
will be put in motion there; that is, it I th 
will aſcend. till the Preſſure becomes re 
n - 
„ }BXPERIMENT NM. : 
Tab. xvii. Let the Tube C be open at both ff 
Fig. 2. ends; then let one end be ſtopt with FF in 
your Finger, and the other immerſed BB m 
in Water: if the Tube be filled with E 
Air, the Water will aſcend to a ver) an 
ſmall Height. If your Finger be taken] in 
away, and the compreſſed Air let out; th 
the Superficies, alinoſt at the bottom oi in 
the Tube, which is conceived paralle H A 
to the Horizon, is now leſs * an 
| that 


1 
f 
| 

1 
1 
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that part which anſwers to the open Chap. 1 * 
end of the Tube; and then the Water 
i WE will aſcend in the Tube, till it be as 
WE high as that without it. 


. BE The Prefſure upon the lower Parti- 275. 
cles, which ariſes from the Gravity of 

e the Fluid which is above, exerts its 

e Force on all ſides, and that equally. 

le This follows from the Nature of a 


. Fluid: For the Parts of a Fluid give 
0 way to every Impreſſion, and are very 
WII eaſily put into motion; therefore any 
d Drop will not keep the place it is in, 
. unleſs, while it is preſſed by the upper 
| Fluid, it be preſſed equally on all {des. 
in But it can't move, by reaſon of the 
el- YE contiguous Drops, which are preſſed in 
id, the Sine manner, and with the ſame 
| force, as that is, by the Fluid above 
them; therefore the firſt Drop is at 
reſt, and is preſſed equally on all ſides, 
| that i is, according to any Direction. 
|  ExPERIMENT III. 
| Let the Tubes A, B, D, be immerſed Tab. xvii. 
in Water, in the ſame manner as was 8. 
mentioned of the Tube C in the former 


Th | Experiment; take away your Finger, 
ery and the Water riſes to the ſame Height 
ken in all of them, as in the Tube C: in 
ut; this the Preſſure is directed upwards ; 


in the Tube B downwards; in the Tube 
A it is lateral; in the Tube D oblique; 

| and yet in every one of them the Pref. 
* (A 31 ſure 


* 


6 Mithematical Elements 

Book II. ſure is equal: and if a greater Quan. 

SY tity of the Fluid be poured into the 
Veſſel, the Water will alſo riſe equally 
maevcry Tube. 

276. From the Premiſes it follows, that 
every Particle of Fluids is preſſed e. 
qually on every ſide, and therefore is at 
reſt; and that they are not in perpetual 

motion, as is the Opinion of many. 

277. In Tubes that have a Communication 
together, whether equal or unequal, 
whether perpendicular or oblique, Wa. 
ter will arrive at the fame Height 
that is, all their upper Superficies arc 
in the ſame Plane parallel to the Hors 
zon, as is eaſily deduced from the Pre. 
% 5 

Tab. xvii, Let there be a Veſſel as A, a perpen- 
Tis. 3. dicular Tube as B, and an oblique one 
as D; let them have communication by 

means of the Tube CE: Let there be 

a Fluid poured into them, and let us 
ſuppoſe fg h to be a Superficies paralle 

to the Horizon; if the Heights fi and 


2 


£1 be unequal, the Water will aſcend, 
27. Where the Height is leaſt *. For the 
ſame reaſon, the Water will not be a 


1 reſt, unleſs the Preſſures in g and 5 be 
18 equal; but they are then equal, whel 
1 C and n are in the ſame Horizont] 
ii Plane: for ſince the Preſſure ariſes fron 
the Gravity of the Parts, which tend] 


222 wt . A 


Aurectly, towards the Center of 1 : 


K bunk, , =, OS woo ht 
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. Earth, the Height of the Fluid which Chap. r. 
e prefſes ought to be meaſured according Y 
ly to that Direction; that is, it will be 
þm: but the Obliquity of the Column 
at 4» makes no alteration, becauſe at the 
e. fame depth there is an equal Preſſure 
at every where towards every part“. 2755 
al EXPERIMENT IV. 5 
If you pour Water into ſuch a Ma- 278. 
on chine as is here deſcribed, after having EY 
al been ſhaken it will never be at reſt, un- Tl 
a less all its Superficies be in the ſame 1 
: Plane parallel to the Horizon. A, is a 
re glaſs Veſſel, that has communication 
r. with the glaſs Tubes B and D, by means | 
re. of the brazen Tube CE. 1 
All Fluids are not equally heavy, that 1 
en: 15, do not contain the ſame quantity of 1 
ne Matter in the ſame Space; but the fore- 
by going Propoſitions take place in every _ =. 
de! particular Fluid. 4 
6 When Fluids of a different Gravity 279. . 
nee are contained in the ſame Veſſel, the 
nd heavier takes the loweſt place, and is 1 
preſſed by the lighter ; and that, ac- 1 
cording to the Height of the lighter. 1 
EXPERIMENT V. 1 
Fill a Veſſel, as A, with Water, tinged Tab. xvii: i 
with ſome Colour, to the height 6 c ; 8.5. 
' immerſe in it the glaſs Tube de, the 
| Water will aſcend in the Tube to the 
height bc: * then pour in ſome Oil of * 274. 1 
Turpentine, which Fluid is lighter than Eper. 2. | 
LA 4] Water, 1 


| 8 Mathematical Elements 


Book II. Water, and immediately the Water will 
MNaſcend in the Tube; and that ſo much 
the more, according as you pour in 
more of the Oil: but yet the Water in 
the Tube will not arrive at the ſame 
height as the Oil in the Veſſel; becauſe 
the Water being the heavier, there is 
not the ſame Height required in that, 
as in the Oil, to produce an equal Preſ. 
ſure. 
Whoever will make the ſame Expe. 
riment with Mercury and. Water, will 
find a greater Difference of Heights i in 
theſe, becauſe of the greater Nalference 
af their Gravities. 
ExPERIMENT VI. 
Tab xvii. Immerſe the Extremity of a Tube in 
Fig f. Water, and pour Oil into the Tube; 
the Water in the Tube will be depreſſed 
as far as d: but yet the Height of the 
Oil de is greater than the Height of 
the Water in the Veſſel. Immerſe the 
Tube deeper, the Water will enter into 
It in a greater quantity: raiſe it higher, 
the Water will run out again, and the 
1 Oil will follow it, if it be lifted up ſo 
1 high as that the Preſſure of the Oil ex- 
ceeds the Preſſure of the Water in the 
N lower part of che Tube. 
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CHAP. IL 


| Of the Action of Fluids on the 
Bottoms and Sides of the Veſ- 


ſels, wherein they are contained. 


HE Bottom and Sides of a Veſ- 280. 
g ſel wherein a Fluid is contained, 
* are preſſed by the Parts of the 
that immediately touch them ; 
| and, becauſe of the Reaction, which is 
equal to Action, * thoſe Particles do * 126. 
| alſo ſuſtain an equal Preſſure. Since 
then the Preſſure of Fluids is equal to- 
d wards all Parts, the Bottom and Sides 
c are preſſed equally with the contiguous 
parts of the Fluid; therefore this Action 
e increaſes in proportion to the Height of 
o the Fluid “, and is equal every where at * 275, 
r, the ſame Depth, and depends upon that 273. 
Height, and by no means upon the 
{0 Þ Quantity of the Fluid. So long therefore 
* as the Height of the Fluid and the Size 
he of the Bottom continues the ſame, fo 
long will the Action upon the Bottom 
| be the ſame, howſoever the Shape of 
the Veſſel be changed. And in all Ca- 
F. J ſes, the Preſſure which the Bottom 
ſuſtains, is equal to the Weight of a 
[i _ Column 


10 Mathematical Elements 


Book IT. Column of Water, whoſe Baſe is the I ; 
Bottom, and whoſe Height is the per-. 
pendicular Diſtance of the uppermoſt 1 
Surface of the Water from the Bottom, t 
281. Let there be a hollow Cylinder as A, , 
Tav. g. open at both ends, poliſhed within as 
© 7%, fmooth as poſſible; let its Diameter, M ,, 
and alſo its Height be about three * 
Inches and a half; by a Skrew faſten to t 

it a Ring as E, that ſo it may be ſuſtain. MW 

ed by a Trivet. 1 

Let there be in the Cylinder a bra. 

zen movable Bottom, as F, to which 
let a brazen Ring, as G, having in the 
inſide of it a Mortiſe, be skrewed on. 

To this Ring let a Ring of Leather, 
exceeding the Breadth of the Bottom by 

half an Inch all round, be made very 

faſt; This will cover the out ward Sur. 

face of the brazen Ring, when the Bot. 

tom is thruſt into the Cylinder, and 

will hinder the Water running out, 
when the Bottom is moved. This Lea. 

ther ſhould be immerſed in Oil, and 

after ſome days taken out of that, 

and ſoaked in Water an equal time. 
Which Preparation being uſed, and the 
Leather being well drenched with Oi 

and Water, you may move the Botton 

of the Cylinder up and down feveril 

times, and leave it in it for two or thre 

days. When you are to uſe your Mi. 


chine, ſoak your Leather again in q 6 
al 


of PRHTSICEKS. 


* 


and Water, and the Bottom will then Chap. 2. 
lip eaſily, and hold the Water perfect 'V 


ly. Your Leather ſhould be neither 
too thick nor too thin ; which is left to 
your own Diſcretion. 
Io the Center of the Bottom you are 
to faſten a ſlender Cylinder of Braſs, 
as hz, to direct the Motion of the Bot- 
tom; for this Cylinder is to paſs 
through the Hole in the Lamina B, 
which is put upon the greater Cylinder 
A, and faſtned by a Notch in the Side 
of it. In the upper Surface of the Cy- 
linder h i let there be a Mortiſe to skrew 
the Braſs-Wire 2 p into, which Wire 
is to be put through the Tube D 
(which we ſhall ſpeak of preſently) for 
the Bottom to hang by, upon the Arm of 
the Ballance. 

The Cylinder A is to be covered 


with the Cover C; and you are to pre- 


vent the Water's running over, by co- 
vering the Rim of the Cylinder with a 
Leathern Ring, which by means of a 


Skrew, with which the Cover is faſtned 
to the Cylinder, is preſſed very cloſe. 


You may have a Handle both to the Co- 
ver and to the Cylinder, for the more 


convenient opening and ſhutting it. 


In the middle of the Cover there is to 


be a Hole bored: and a hollow Cylin- 
der, as C, having a Skrew on the out- 
tide of it, to be faſtned in that Hole, 


that 


— 


12 Mathematical Elements 

Book II. that the Tube D may be joined wit 
the Machine: here again, you are te 
| keep the Water from running out wit 
a Leathern Ring. 1 00 
Tab. irn. The parts of the Machine being 
/ Fig: i» managed in this manner, tie the Braſs 
Wire, which is faſtned to the movab| 
Bottom, to one Arm of the Ballance, i 
ſuch a manner, that the Beam of th 
Ballance may be in a Poſition paralle 
to the Horizon, when the Bottom 
two Inches off from the Top; put int 
the Scale that hangs at the other Arn 
of the Ballance, ſuch a Weight as wi 
exactly counterpoiſe the Bottom on 
Let the Tube be a Foot long; then he 
ving placed the Beam parallel to t 
Horizon, pour Water into the Tube] 
up to the Brim. Then if you put fo 
N Pound Weight and a half into the Scal 
1 you will have an Equilibrium; but 
4 vou diminiſh or increaſe the Weigh 
} the Bottom will aſcend or deſcend ac 
[| cordingly. But here you are to tak 
notice, that you muſt increaſe or d 
miniſh the Weight ſufficiently, by ha 
2 Pound ſuppoſe, to allow for the A 
trition of the Bottom 5 1 
The Diameter of the Bottom is a 
moſt three Inches and a half, the Heigi_ 
of the uppermoſt Surface of the Wat 

above the Bottom is fourteen Inches 
the Weight of a Columa a 
N | 1900 
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W-qual to the aforementioned Bottom, 
W: 4 #. +; and the Preſſure of the Wa- 
Wcr upon the Bottom is as great, not- 
ithſtanding the ſmall Quantity of Wa- 
er in the Machine, „ 
Since the Motion of the Bottom on- 
is what we are now concerned a- 
out; you mult fix the Machine fo as 
prevent the Whole being lifted up, 
hich is done by adding the Weights 

, Fig. 1. Tab. xx. 

= ExePErineEenNT II. 
Take away the Cover and the Tube; 
Win together the Cylinder A, and the 
Machine DE, having a Ring faſtned to 
Bottom, and to that Ring a Skrew; 


mer Fxperiment. This Experiment, 
to the remaining part of it, is per- 
emed juſt as the former; and the 
reſſure (the Height of the Water con- 
nuing the ſame) is not altered by 
anging the Veſſel and the Quantity 
err. 5 120 
EX PERIX ENT III. 
et the Cylindrick Veſſel A be h 


2— —— e 
ph * 
— — e . 


5 his perpendicular Altitude, and a Baſe C 


ä——— — — = 


'Y 
| 


our Water into this Machine as high 
bove the Bottom as you did in the 


| ung Tab. zix. 
Won a Ballance, and be partly filled Fig. 3» 
ich the wooden Cylinder De, which 
W joined to the Beam B C, fix'd by ſome 
eans or other, and touches neither the 
Wttom nor the Sides of the Veſſel; if 
J | you 
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Mathematical Elements | 
you pour Water to any height in the 
Cylinder, and make the Ballance even, I 
by putting ſome Weight into the oppo. YÞ i 
ſite Scale, this Weight will be the Mfc 
Weight of all the Water which is con. YÞ 
tained in the Veſſel when the Cylinder i 
of Wood is taken out, and Water poured YÞ 
in as high as in the Experiment: and ſo Ya 
a ſmall Quantity of Water, whoſe up. 


permoſt Surface is raiſed high (which I 


Bottom) ſuſtains a great Weight. 


282. 
Tab. ix. 


Fig. 4. 


is What increaſes the Preſſure upon the 


That the lateral Preſſure is equal tiff 
the perpendicular, will appear even tog 
the Eye by the help of the following 
Engine. | 

Let there be a wooden Parallelopi. 
pedal Veſſel, of about a foot and a hal 
high; and at the fide, toward the bot 
tom, a hole in it, in which hole let 
there be a Braſs Ring put, having 
Mortiſe, for the Cylinder A, (which 
we mentioned in the firſt and ſecond 
Experiments) to be skrewed into: Thel 
Trivet, which ſuſtains the Cylinder ini 
thoſe other Experiments, and which igjfva 
Skrewed to the Ring at the bottom of 
the Cylinder, is not made uſe of iff 
this. The Motion of the Bottom og 
the Cylinder is parallel to the Horizon 
To the Sides of this Machine apply tw 
wooden Rules, whereof the one G HMI 
is viſible : Upon theſe two Rules or | wh 

| | | COU 


is - 
5 
8 


j of Pn x.61 Cn 15 
third Rule CC move parallel to the 2 2: 
Horizon, and let it be ſomewhat broader | 
in the middle E, ſo as by its Motion to 
chrult in the bottom of the Cylinder, 
which the Rule preſſes a little below 
is Center. Let the Ropes CE be tyed 
{to this Rule in the Points C and C, 
and be ſtretch'd along the Rules, as GH, 
* be put through Pullies, 45 T. faſten d 
t the Extremities of the Rules, and 
bi Weights, as P, be hung at the end 

ſof them. 

EXPERIMENT IL. 

Let Water be poured into the Veſſel 
BD, till its Surface is fourteen Inches 
Fticher than the Rule C C; let the 
(Weights P be each of them 2 b. 4. o 
that taken together they ſhall be 4 i. 5. 


bot the Preſſure of the Water will ſuſtain 
leis Weight, and the Bottom in this 
is ae will move towards both Sides with 
nichl the ſame eaſe. 

cond That the Force with which Water 
TheſWreſles upwards, is equal to that with 


which it preſſes downwards, and ſide- 


er in 

ch HMways, is proved by the following * 
m of 7 riment. 

of u EXPERIMENT V. 


m 0 
£17000 
tui 


| Let there be placed upon the upper Tab. 
. of the Supporter B, a Cylinder Frs + | 
of about two Inches Diameter, into 
Which put the movable Bottom of the 
3 A before · mentioned, fo n_ 
t & 


let | 
thi 
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16 Mathematical Elements 
Book II. the Cylinder may move, and yet the 
&Y'V Bottom be at reſt : cover the Cylinder! 

up, and faſten to it a Tube, as D, abo 
three foot and a half long: then pod 
in Water, by which means the Maching 
will be lifted up, but the Bottom I 
remain where it was; lay the Weighiy 
PPP. (which together weigh nit 
Pound) upon the Cover: And the 


together with the Weight of the who 
Machine, will be ſupported. by the Wal 

ter that is in the Tube: but the Weight 

of the Machine is above 3 b. | 
The Force which acts upon the Cover 

is equivalent to the Weight of a d 
lumn of Water, whoſe Baie is the 

ver, (ſubſtracting the Hole which th 
Tube takes up) and whoſe Heiglity 
the Height of the Tube above the inn 
Surface of the Cover; which agree 

with this Experiment. 9 

If you have the ſame Tube, but 
greater Machine; the Action upon th 
Cover will increaſe proportionably 1 

the Cover is made wider; ſo that by 

very ſmall Quantity of Water a vel 
great Weight may be ſuſtained, anl 
even lifted up. = 
283. Suppoſe two round Pieces of Wod 
Tab. z of fifteen Inches Diameter to be gf 
round and joined together with Leathd 
ſo as to form a Cylindrick Veſlel, ſom 
what like a Pair of Bellows, which Wi 
hold Water, ; 


-- 

— 

„„ 
r 


10 MANY! 
0 1 


9 


ul} U L — 


yore : _ 
* 


| lik _ 


* iq 71 
Wil 


f 


W ny 


* 1 1 it 
ll all I pl WT U Ul (LID 


Wu 
| I — 


0 


% Wa — 
9 % 0 Wi WT 
d way . W a RCA . 1 


110% 


Wl 


PA ir 


il; 
Wd 


55 
ey Ks 


nt 
with mri" i 


11 


— 
ääJ—ͤ— ä—äqʃ — 2 
—— — — 2 5 
— —— 
—— — 
—ñ—m— — === 8 — 
-—- — - 


* 
—— ——— 


Rs IRS. 


Let there be a hole in ſome part, as Chap. 2. 
| C, of the upper piece of Wood, and a 


fix'd to the Wood, and with a Skrew: : 


on the outſide; by means of which the 
robe D of the fame length with the 


Tube in the former Experiment, may 
be joined to the Machine. 7 OY 
S ExPepzrimentTt VI. 13 

Pour Water into the Machine through 
he Tube, and the Water in the Tube 
ill ſuſtain the Weights PPP PPP, 
hich all together exceed 2 50 th. Nay; 
heſe Weights, by pouring in more Wa- 
er into the Tube, may be lifted up. 

All theſe things, fuch Paradoxes as 


ey are, do certainly follow from the 


ature of a Fluid; any Drop whatever, 
hich is at- reſt, endeavours to quit its 


erefore it be preſſed on one ſide, it 
rives to get that way with equal Force, 
ce Reaction is equal to Action; and 
iti this fame force will it preſs to- 
irds all parts. In the firft Experi- 
ent, That Water, which touches the 
tom, and correſponds with the Tube, 
ains the Weight of the Column of 
ater, which is contained in the Tube 
I continued on to the Bottom; and 
ſes upon the Bottom with a Force 
portionable to the Weight of ithe 
lumn, as alſo upon the contiguous Wa- 
110 : LB) ter 3 


lace with equal force on all Sides: * If * 275; 
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Book II. ter; which not having any Vent, does 
& VV likewiſe preſs upon the Bottom, and 


the parts of Water that are contiguous 
toit, with the ſame Force. The ſame 
may be ſaid of the Water that is con- 
tiguous to this; ſo that there is in every 
point of the Bottom a Preſſure equa] 
to that, which acts upon the part of 
the Bottom, which is placed directly 
under the Tube; therefore the Bottom 
in this Caſe is as much preſſed upon, as 
it Would be, if a Column of Water, whoſe 
Height was the Height of the Water in 
the Tube, and whoſe Baſe was the Bot- 
tom. of the Veſſel, reſted upon it. 
: > By the like Reaſoning the fifth and] 
fixth-Experiments may be made clear. 
In the ſecond Experiment let the Cy. 
linder A be imagined to contmue on 
lll it come to the Surface of the. Wa 
ter ; by this means the Water without 
is ſeparated from the Water, conta ine 
within this Cylinder, and this alone pre 
ſes upon the Bottom, and the Botton 
ſuſtains all this. The Water withu 
the Cylinder preſſes upon the Sides fit 
the Cylinder, the Water without pri 

ſes upon the: external Surface of ti 5 
Cylinder, and the outer; Surface 

preſſed altogether as much as the innq gr. 
and the Preſſures upon the oppoſiich. 
Points are equal; ſo that, were e 
Surface removed, theſe Preſſures wou 
157 ; 6 7 | deſtra | 
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eg 1 one uke It matters not Chap. 3. 
nd dro 0 whether there be ſuch a Sur- WIN 
us ace or not; and though it be taken 

ne away, that i is, though the Cylinder be 

n- not continued, there is no Alteratibn of 

ry the Action upon the Bottom. 

ual WM The third Experiment is -likewiſs 

of ll inuſtraredt from What has been' faid-: 

tly For the Weight that is put into tlie 

om scale is ſuſtained not by the Water in 

, as the Veſſel only, but alſo by the Action 


of the lower Surface of the Cylinder 
De upon the Water. | 
Though all that has been mention 
depends upon the Gravity of Fluids, yet 
their Actions ſhould be diſtinguiſned 
from their Gravity, Which is always 


Cy anſwerable to the Quantity of Matter 

— W that is in them. 1 = 5 
k 3 

oo eee wer ese. 
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prek 0 A A P. III. 

cron | 

ith o Solids immerſed i in Raul. 35 

es 0 10 "10S 

pre HAT the aietent Gravities:of 

= Bodies, whether ſolid or fluid, 


| ariſes from their -containitig' a 
rater or 'lefs Quantity: of Matter in 
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20 ee Elements 


Book II. DETINITION I. 
WY The Quantity. of, Matter chat i is in a 


Sha Body, confidered with regard to the 
Bulk 'of that Body, that is, to the Space 
it takes up, is called its Denſity. 

A Body is faid to have double or tre. 
ble, cc. the Denſity of another Body, 
when, being equal in Bulk, it ,contain 
double or kreble, Cc. the Waben of 
Mayor: N. 

5 Dz#ern4TION II. 

285. 1 7 Body is ſaid to be Werte 

when it is _ the ſame PUNT in _ 

Part of it. 

297 DEEIN TTION X. 

186. b: bat een when chefs: a are dif 

ferent Degrees of Deality in differen 

parts eit, 155; 1 
28). The Gravity G a Body, confide 
with relation to its Bulk, is called tl 
Specific Gravity. VE. | 
The Specifick 5 is "if to h 
double, when the Weight zis doubt 
tho the Bulk is the ſame. 
288. Therefore the Specifick Grayities/a 
Denſities of Bodies, that are __ 


are to one * as Ks Weigh . 


„„ ww » 


When their Bulk is equal. 
289. If Homogeneous | Bodies be of 


.Jame Weight, the leſs their. Bulk 


the greater will their Denfity be ;. 


While their Weight continues the ſal 
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gh PRT ESE 21 
their Bulk decreaſes in the fame Ratio Chap. 3. 
2 that their Denſity increaſes : therefore SV 
the in that Caſe the Bulks are reciprocally 
ace MW 25 the Penſaities. {1 57 5 5? 
When a Solid is immerſed in a Fluid, 290. 

tre. it is preſſed by the Fluid on all Parts; 
dy, and this Preſſure increaſes in proportion 
to the Height of the, Fluid above the 
solid. And this is a Conſequence of 
what has been ſaid in the foregoing 
Chapter, and is alſo proved by plain 
Experiment. 1 6 

r Þ 2:06 

Let a Leathern Bag (or a Bladder) Tab. xx. 
as 8, full of Mercury, be tyed to the ig. 8. 
Extremity of the Glaſs Tube Bm; let 
the Bag be immerſed in Water, but ſo 
as that the Extremity B of the Tube 
be above the Surface of the Water: the 
reflure of the Water upon the Surface 
the Bag will occaſion the Mercury to 
file in the Tube to ſome Height, as ; 
ind the Aſcent of the Mercury will be 
roportionable to the Height of the 
ater above the Bag. 
When a Solid is immerſed very deep 291. 
a 2 Fluid, the Preſſure upon the upper 


} 


eig hart ſcarce differs from that upon the 
ver; ſo that Bodies deeply immerſed 
of Ire in a manner preſſed equally on all 
zulk arts: which Preſſure may be {ſtained 
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Book II. Shape; and by very brittle Bodies, with 


out breaking them. 


Tab. xis. 


Hg. 5. 


292. 


* 290, 
75. 


EXPERIMENT II. 

Let a piece of ſoft Wax of an irre. 
gular Figure, and an Egg, be ſhut up 
in a Bladder full of Water; and let the 
Bladder be tied: up cloſe and put into a 
braſs Box, as A, and the Box covered 
with a wooden Cover, as O, ſo as to 
be ſuſtained by tlie Bladder; then you 
may lay upon the Cover a Weight, 2 
P, of 70 or 80 #. and it) will neithet 
break the Egg, nor alter the 2 of 
the Wax at all. 

A Solid {| pecifically tanie than 
Fluid, if immerſed in that Fluid to ay 
Depth whatfoever, will deſcend. Fo 
the lower Surface of the Solid: preſſ 
the Surface of the Fluid, which is con 
tiguous to that Part of the Solid; and 
this Preflure is equal to the Weight 
a Column, conſiſting of the Solid a 
the Fluid, which is directly above! 
and inn this force the Solid ten 
downwards. The. Weight of a | 
Column, but conſiſting entirely of f 
Fluid, is the Force wherewith the ſ 
lid is preſſed upwards by the Fluid 
But the Solid being ſuppoſed to be 1 : 
.cifically. heavier than the Fluid, 
latter Force is leſs tlian the former, : 
1 over * ic. 

43 


f PHEYSLOKS. |. an 
By the like Reaſoning we may prove, Chap. 3. 
That a Solid ſpecifically lighter than a . 
Fluid, when immerſed in that Fluid, “ 
will aſcend to the uppermoſt Surface 
chereb877465 373 44 anni CT | 
| But ſuppoſing the ſpecifick Gravity 294. 

of a Solid to be the ſame with that of 
a Fluid, it will neither aſcend nor de- 
ſcend ; but retain its Poſition at any 
Depth in the Fluid, and the Fluid will 
{uſtain the whole Body: in which Caſe, 
by rea ſon of the Equality of the ſpeci- 
fick Gravities, the Fluid ſuſtains . a 
Weight equal to the Weight of ſuch a 
| Quantity of the Fluid, as! would fill up 
the Space taken up by the Body. Now 
a Fluid acts equally upon all Solids, 
which are equal in Bulk, when im- 
merſed to the ſame Depth, and ſuſtains 
them equally ; therefore all of them 
loſe ſome Part of their Gravity. 
nern ee 

The Weight which a Body retains, 293. 
when immerſed in a Fluid, is called its 
Relei e 324652 
And this relative Gravity is the Ex- 296. 
ceſs of the ſpecifick Gravity of the Solid | 
above that. of the Fluid: For ſince a 
[Solid when immerſed.in a Fluid loſes 1 
that Part of its Weight, which is fu- 1 
ſtained by the Fluid, it loſes the Weight 9 
Jof ſuch a Quantity of the Fluid, as 
Ph w—_ (B 43 would 
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24 Mathematical Elements 
Book II. would fill up the Space, which is taken 
up by the Body. | 

n - BxainnaMNENT HI. 

Tab. xxi. Hang a hollow | braſs Cylinder, as E, 
. upon the Ballance * aforementioned; uy, 
271 on a Hook faſtned at the Bottom of 
this, hang by a Horſe's-Hair, another 
ſolid Cylinder, as C, of the ſame Metal; 
and of ſuch a Size as may exactly fil 
the Cylinder E: So that in E, when 
filled full, there is contained ſuch 1 
Quantity of Water as will exactly fil 
up the Space that C takes up. Put 
into the oppoſite Scale ſuch: a Weight 
as will make the Ballance even; let the 
Ballance be let down ſo low, as that the 
Cylinder C may be immerſed. in the 
Water that is contained in the Veſſe 
D; by this means the Equilibrium wi 
be deſtroy'd, becauſe C is partly fy 
ſtained by the Water; but if E be ff. 
led with Water, it will be reſtored. 
298. Hence it follows, that all Solids, whit 
are equal in Bulk, but of different ſp 
cifick Gravities, do loſe an 5 Pat 
of their Weight, when immerſed in ti 
ſame Fluid. The Experiment we de 
{ſcribed laſt, may be performed in t 
fame manner with a Cylinder of an 
other Metal; and by pouring in tl 
ſame Quantity of Water, namely, 
much as will fill the Veſſel E, the Eq 

Aibrium will be always reſtored, 
| IM 
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= From what has been ſaid, it follows Chap. 3. 

Further; That, howſoever different the — — 

| denſities of Bodies of unequal Size be, 

Wet, if they are immerſed in the ſame 

Wluid, the Weights they loſe are as 

beir Bulks: for the Spaces they take 

Wop in the Fluid, are in that Raz. 

Therefore Bodies of the ſame Weight, 

Nut different Denſities, when immerſed 

the ſame Fluid, loſe unequal Shares 

W their Weight, becauſe of the Inequa- 

y of their Bulk. UL TER 

EXPERIMENT IV. 

Take two Pieces, as g, g, the one of Tab. xx: 

Wold, the other of Lead, of equal *'s: 4. 
eight, and hang them by Horſe-Hairs 

on the Hooks V, V, of the * afore- 271. 

entioned Ballance, they will hang in 

uuilibrio; let down the Ballance till 

u immerſe the Bodies g, g in the Wa- 

which is contained in the Veſſels E, E, 

a the Equilibrium will be deſtroyed. 

When a Solid, ſpecifically heavier than 
Fluid, is ſuſpended in that Fluid; 

Fluid acts upon the Solid on all ſides 
ording to its Altitude *, and the 290. 

lid re- acts equally upon the Fluid: 

fe Actions therefore are the ſame as 

the Space, taken up by the Solid, 

re filled with the Fluid, And ſo it 300. 

tters not, with regard to the Gra- 

of the Fluid, whether a Solid ſpe- 

ally heavier than 77, be ſuſpended in 
= It, 
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Book II. it, or ſuch a Quantity of the ſame Fluid 


301. 


Tab. xx. 


Fig. 5. 


Solid into a Fluid; wherefore the Sun 


Immerſion. 


as takes up the lame We as the Soll, 
be poured into it. | 
EXPERIMENT V. 

| Let the Veſſel A, having ſome Water 
in it, be hung at one Arm of the By. 
lance; immerſe in it the brazen Cylu. 
der C, which is held up by a Horſe-lyj 
from touching the bottom of the Vel 
ſel: make rhe Ballance even, by put 


ting Weights into the . oppoſite Scale, 


chen if you lift up the Cylinder C, out 
the Water, the Equilibrium will be de b 
ſtroyed; and will be reſtored by pour. Bi - 
ing in as much Water, as the Cylinder WF 
E will: hold, within which ſuppoſing ; 
the folid Cylinder C to be om 1 8 
will exactly fill it. 

By comparing No 297 and 300 to 
gether, as alſo Expertments the 3d and 
5th, by which thoſe Propoſitions are 
confirmed, it appears, that the Fluid 
gains what the immerſed Solid loſe 
But the Force of Gravity is always pro 
portionable to the Quantity of Matter 
and is not altered by immerſing ti 


of the Weights of the Solid, and thei 
Fluid is the ſame, heck: before and 16d | 


EXPERIMENT VI. = 
Hang the Solid C upon a Ballanc 
make an Equilibrium, by putting - 1 


a rn A EE. 


ſtill from preſſing upon its upper Sur- 


| : . * 2 
f Ir STONE AUT 


Weight p from the Scale B, into the 


ö Scale that hangs at the Arm F. 


A Body ſpecifically heavier than a 


| Fluid, deſcending in that Fluid, prefles 


downwards with greater Force than it 


| 1s preſſed upwards, as we have ſhewed 


before: The Difference of which Force 
is the Body's relative Gravity. The for- 


mer Force conſiſts partly of the Weight 
of the Fluid that lies over the Body; 
and a Body may be immerſed to ſuch a 
Depth, as that this Weight ſhall be 


equal to the ſaid relative Gravity: if 
in this Caſe that part of the Fluid that 
lies over the Body be removed, the 


ſure of that below it. If the Body be 


immerſed deeper, and the Fluid be kept 


face, 


Body will be ſuſtained by the Preſ- 


27 


the oppoſite Scale the Weights: Pand p; Chap. 3. 
the — which v — roche EW 
Weight, which the Body C loſes in the 
Water. Let there be a Veſſebof Wa- 
ter, as D, hung upon the Ballance E FE, 
E which is ſuſta ined by a Foot; make this 
Ballance alſo even by putting Weight 
enough into the oppolite Scale: let the 
Ballance be let down with the Body C, 
that it may be immerſed in the Water 
contained in the Veſſel D; by this 

means the Equilbirium will be deſtroyed 
in both Ballances; which will be re- 
ſtored in both, if you transfer the 


302. 


303. 


4 


0 
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Book II. face, (fince the Preſſure, by which the 
WY V Body: is forced upwards, increaſes in 


290. 


Tab. xxl. 
Fig · 3. 


* 296. 


times as high, as a Lamina of Gold ö 
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proportion to the Depth in which iti; 
immerſed * ) the Body will be preſſel 
upwards with greater Force, than that 
of its Gravitation downwards ; where. 
fore, if it can move freely, it wil 
aſcend. 31. ©” 2 | TFT | | 
© ExPERIMENT VII. 190 
Io the lower part of the Cylinder ( 
open at both Ends, apply a Leaden I- 
mina, about a quarter of an Inch thick 
if this Lamina coincides with the bottom 
of the Cylinder ſo exactly as to ſhut ou 
the Water, and if it be ſuſtained: by 
Thread faſten'd to a Hook, as V, in 
the Center of the Lamina, till it be 
immerſed in the Water about thre 
inches deep, it will be ſuſtained by the 
Water, as appears by its leaving th: 
Thread behind it: at a greater Depth, 
it will ſtick cloſer to the Cylinder; at: 
leſs, it will ſink. Tos <5 
Were this Experiment to be made 
with a Lamina of Gold, it mult be im- 
merſed deeper; for the ſpecifick GH. 
vity of Gold is to that of Water as 9 
to 1; therefore the relative Gravity di 
the former is to the ſpecifick Gravity of 
the latter as 18 to 1*: Therefore a Co- 
lumn of Water ought to be eighteen 


thick, in order to be equivalent to is 
5 relatiw 


their Equilibrium. 


48 NHTS TAE DH 29 


relative Gravity. It is neceſſary there · Chap. 3. 


fore, that the Height of the Water WV 
above the upper Surface of the Lamina, 
ſhould be equal to the Thickneſs of the 


| lamina ſo many times taken at leaſt. 


Let the Cylinder A, with a movable Tab. xxi- 


Bottom, and with a Cover upon it, Fs. 
| ith che Tube P faſten'd: ro it, (as : 
vas deſcribed above*) be immerſed in * 285, 
Water; and the Bottom, when it comes 

to be a foot below the Surface of the 
Water, will aſcend, though it weighs 

1 8b. and 2 itſelf, and though a Weight 

of x ib. as P. be skrewed into the Cen- 

ter of the lower Surfacgdmeee. 
The ſame Solid, when immerſed into 304; 
Fluids of different Denſities, loſes diffe- 

rent Quantities of its Weight“. There- 297. 
fore when two Bodies, of the ſame 
Denſicy and Weight, are immerſed into 
Fluids of a different Denſity, they loſe 


EXPERIMENT IX. 


= Suppoſe two Lamine, as g, g, of the Tab. xx. 
ame Metal and equal in Bulk, to be Fit: + 


» 


hung by the Hooks V, V, of the Scales 
Aand B; and to be immerſed in the 
Fluids contained in the Veſſels F, E, the 
one Water the other Oil of Turpen- 
tine; the Equilibrium will be loſt; and 
bat immerſed in the former will be- 


ol lighter, than that in the latter. 


A 


go Machrnaticul Elements 
Bock II. A Solid lighter chan a Fluid, ug 
immerſed in that Fluid will a ſcend, wy 
395 remain towards the upper Surface oft 
293. Fluid , ſo as to be immerſed buy 
part; but che greater the Body's ſpaj 
fick Gravity is, the more it will deſcend 
in the Fluid, and will not be at eh 
unleſs the immerſed $ 2 takes up ful 
a Space in the Fluid, as that ſuch 
part of the Fluid, as would fill = 

Space, is as heavy as the whole B 

For if the Caſe be otherwiſe, the 
does not act with the ſame force 

the contiguous Parts of the Ds 
the Bluid would act with; were t 
the room of the Body: in which 
*:76. only, both the Fluid and the Solid al 
be at raſt. 1 Q 3510 * 
306. It follows From this Propoſition, Thi 
the immerſed Parts of Bodies {with 
ming upon the Surface of the tal 

Fluid, are to one another as the Weigl 
of the Bodies. If therefore by layil 
a Weight upon the Body, you alter! 
Gravity, the immerſed Part increaſes} 
305. the ſame Ratio; and thoſe Parts whil 
deſcend b applying of different Weiz 
are to one another us thoſe Weights. „ 
f 24 EXPERT MENT X. 1 
CEE - Suppoling 5 ou have à Veſſel with 
8. iter in it, ab A; Anda Bolle Cylig 
-of din Metal, 2900 put into this 
and as 5, 10 88 46 fake ſome' Ft 


Hook Pag. 30. 
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wch that ſinks it; then add equal 
W\cights ſucceſſively, and you will find 
Wat every time an equal Quantity ſinks. 
Tin N* 302, & 303, confirmed by Ex- 
Weriments 7, & 8, we have ſeen how a 
Wody heavier than a Fluid may be 
Wade to ſwim therein; by the like 
lethod a Body lighter than the Fluid 
Wy be kept at the bottom of the 
uid: in the former Caſe the Preſ- 
Pre of the incumbent Fluid is to be 
moved, in the latter you are to re- 


S } 


| : hich forces the Body upwards. 
= EXPERIMENT XI. 


5 - 


5 Se: 


7. 

Te 
. 

; 


WI that the Water may .exert its force 


Ws 


7 


rx, and carry that and the Cork up- 
'Y rds, _ 94 N mio 3 18 «qc, } 10 1450 
* CHAP. 


F 


- 

544 

3 
$7 


.de Cork being ler go, this, Body _ 


31 


fit, as d, deſcend in the Water: add Chap. 3: 
+. weight more, and meaſure how VV 


308. 


ore the Preſſure of the Fluid below, 


5 Suppoſing a Lamina of Braſs, as b c, Tb. xxi. 
Fackly plain, and put upon the Sup- 
rter D, to remain at the bottom of 


Ya the Lamina that is faſfned; ta the 


* 288, 
309. 


= J HE Denſity of a Body being pro. 


Mathematical Elements 


CHAP. IV. 
of Comparing the Denſities * 
Huids. 


portionable to its Gravity, by 


f 


— comparing the Weights of equl 
Bodies, we diſcover their Denſities", 
If therefore any Veſſel whatſoever h 
exactly filled with a Fluid, and thi 


Fluid weighed, and the fame be done 8 { 
with other Fluids, their Weights wil 6 
be as their Denſities. ' But this Meth 8 
being liable to many Difficulties in Pra. WM «i 
tice, I ſhall not dwelt long upon te v 
Explication of it. be 


310. 


Tab. Mi. 


Jig. 3. 


When the Preſſures of two Fluik fir 
are equal, tlie Quantities of Matter, th 
(which is all one) the Weights, of G w. 


lumins that have equal Baſes, do m tal 
_ ner; wherefore *the Bulks, i th 
the Heights, of the Columns are re 
procally as the Denſities“: from When 
is deduced a Method of abi the 
Denſities together. 4 * 


n BXPEKIM IHN 15 1 
Into the curve Glaſs" Tube Ay poa 120 
much Mercury as will fill the - low 
part of the Tube from 6 toc; PH Fad 


F PyySTORs 33 
Water on one fide from ô to e, into the Chap. 4. 
other Leg pour Oil of Turpentine ſo VV 
| long, till the Surfaces 6 and c, of the Mer- 
curyare in the ſame Parallel to the Hori- 
z0n ; and ſuppoſe c d, to be the Height 
of the Oil; theſe Heights will be to 
one another as 87 to 100: in which 
Ratio inverted the Denſity of Water is 
to the Denſity of Oil of Turpentine, 
therefore the Denſities are as 100 to 87. | 

We pour in Mercury to keep tlie | 

| Fluids from mixing together 1 in the bot- 
tom of the Tube. 
Another way of comparing the Den⸗ 
ſities of Fluids together, is by immer- | 
| ſing a ſolid Body in them: For if a 311. 
Solid, lighter than the Fluids that are 
to be compared, be immerſed into. ſe- 
veral Fluids, the Parts immerſed will 
be reciprocally as the Denſities; for; 
ſince the ſame Solid is made uſe of, 
thoſe Portions of the ſeveral Fluids, 
which in each Caſe would fill the Space 
taken up by the immerſed Part, are of | 
the fame Weight: therefore the Bulks 305. 
Jof thoſe Port ions, or, which is all one, 
the Parts immerſed, are e- = as 
the Denſitiess „ 
Let there be a Machine of Glas, AS 312. 
A, conſiſting of a hollow Sphere; and Fin _ 

| Tube divided into equal Parts: be- 
Flow that Sphere let there be another 
F added, and partly. filled with Mercury, 
(CJ or 
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Bock II. or ſmall Globules of Lead, to fink the 
＋Fube perpendicularly, and t0 keep i 


305 


gently, that the Ballance may be Jifid 


in that Poſture; you muſt take care 
not to put too great a Weight into the 
teller Globe, becauſe the Machine ſhould 
be lighter than the Huids that are to be 
compared together: In different Fluids 
the Machine wille deſcend; to different 
pths; and their Denſities; as we hau 
juſt ſhewed; are reciprocally, as the 
Parts; immerſed in them, Which ate 
therefore to be pa red together. Tie 
a Thread to the M achine, ang, take 
che exact Weight of the Machzae and 
Thread tagether, (the Weight of mine 
was 573 Grains) the Machine im merſel 
in Water deſcends as low as h - te 
Weight therefore of a Quantity of Wa 
ter, whioh:is equal in Bulk to the in. 
merſed part. (of the Machine, 18 53 
Grains ; and this Buik may be en 
-prefled by the ſaid Number. Let tie 
aid Thread be tied to the Hook V, d 
the Scale A, of the Ballance that is . 
Mache continue anmeried; and let 
Weight of 20 Grains be put into th 
Scale B, and let the Weight be more 


up (in order to draw the: Fube parti 
odt of the Water). till there. is. an Equ 
nihrium; andethen the gurfac of it 
Mareri reaches up to the Point 4, Ik 


2 War 


ha 


WF ürstle rns. 33 
Ie "__— fultaibsrhe Weight of the whole Caps 4; 
it Machine, wanting 20 Grains; that! 5 
re it ſuſtains 553 Grains; and the Weight 
ne of a Quantity of Water, equal in Bulk 
ld MW to the Part that is now (immerſed, 
be WO is ſo many: Grains, and may be ex- 
ie preſſed by char Number, and "he Bulk 
of the med 4b, of the Tube will 
be 20: Now if the Space d b, be di- 


the W vided into 10 equal Farts, and the 
arc W Diviſions bé continued on, aſcendi 

Tic above ; and deſcending below 4, each 
ale of them will be equal to 2; and by 


knowing the Mark, to Which the Ma- 
chine goes: down in the Fluid; you will 
know the Bulle of the iinmerſed Part. 
80 if the whole Tube he above Water, 
the Bulk of the immerſed part of the 
| Machine will be 549 3 if it deſcends as 
low as the higheſt Mark we have made 
here, the Bulk: immerſed will be 579 
and ſthe: Denlities of thoſe Fluids, in 
which this is the Caſe, are reciprocally as 


51+ WW thoſe Numbers; that is, as 579 to 549: 
; k ad Denſiries between theſe only ma7 
let be compared —— of this Machine. 
01 Were the Globe to bear a leſs propor- 
1096 tion) td the. Tube We ml COmpare 
lite — whole: {= Brag ent differ 


parti i more. Wet you compare everal, the 

Eq# Nas uber wwrhich: expreſs the Bulks of 
pf iu the 1 immerſed Parts, may be put a8 / De- 
I Jeminakers ef Fractions, whoſe: Nu- 

Wai (C 2] merator 
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Bock IL merator is an Unit; and theſe Frac. 
tions will expreſs the Ratio of the Deg. 
IAlſities, for they will be to one another 
en as their Denominators. 
e911 118 $/88 ry WENT: 5H, 
Let the: Denſities of Waters, whic 
Bayes different Quantities of Salts in 
them, be to be compared, and let the 
Machine deſcend as far ad, it will in 
each; in one, ſuppoſe to the Mark 
In the other only to the Mark c: The 
: Denſities of theſe Fluids will be to on 
(another, as 2 to , as is caſily de. 
duced from what was juſt now ſaid. 
This Merbod is lia ble to many other 
| Difficulties, beſides this j. That it is di 
hicult to compare Fluids of very dit 
>ferent Denſities hy means of the far 
-Bngine. ' 21 WB 7 ert Sd is * Sikhs; 
bel The beſt; Method of all, is, to mak 
© of of a Solid heavier than the Fluid 8 
313. When the ſame Body is: immerſed i b 
314. - ſeyeral- Fluids, the Walger} byiifl ; 
in chem, are te one another as the De- . 
* 297, Iies of the Fluids We muſt ber t 
* make uſe of a, Ballancęafit for- Hy n 
* 271- ſtqtical Experiments Far Beſides; Which n 
is require piece pf ſolid Glaſs;of an ; 
Sigur, vas C, h 45 RPO dante by! 
Horſe-hairp;pan:the Hook of Ohe 
Tab. iche Scaled. Pere ig HE if equi 
Fe A weight das Bj equal tt «We 
-:of: the Glaſs G:z1When immerſed in M 


10181911. g i 5 


L — 


* 


gf. Pars rem, ! | 
ter, as is repreſented Fig, 4. The Dif: Chap. 4. 4. 
ference between the Weight P, and the Ag Wi 
Weight C, when taken out of the Wa- | 
ter, is the Weight loſt by the Body in | 
the Water: let this be taken notice of, 
that it may ſerve in all your Experi. 
ments; it is, in my Machine, 722 Gr. 
Let the Body be ſuſpended in any o- 
ther Fluid Whatſoever, that is not of 
the ſame Denſity with Water, and the 
Equilibrium will be loſt; let this be 
reſtored by putting a Weight into one 
or other of the Scales, as there ſhall be | 
occaſion: if into the Scale A, add that | 
Difference to the 722 Gr. i into the 
Scale B, ſubſtract it from the ſame 
Number; and by this means the Weight 
loſt by the Body in both Caſes, that is, 
the Wei ht expreſſing tlie Denſity® :of 
the Fluid, is determined. 
Let the. Weight C, hanging by the 
Scale A, be immerſed into Oil of Tur- 
pentine, While the Weight P hangs by 
the Scale B, you will make ra, Bal- 
lance even by putting 94 Gr. into 
the Scale B. Let the -Weight-C beim- | 
merſed in like manner in Milk; | 
muſt put 22 Gr. into the Scale A, — 
gain an Equilibrium. No. ſubſtract 
the former Number from, and add the 
latter to, 722, and you have 628 and 
7405 8 78 the Dane of the 
IC 3 | ſaid 
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Book IL faid Fluids, when Lapel ra th 
weight of dee 


wy 


OI 
oe H A. Fa Mei 


of comparing. of $ dids h th 


 droftaticks. . 


2 ws N an Homogenvous/ aud Equ 
15 8 Bod ies, the Denſit ies are as their 
ere Weights „; in Unequal ones df 

the ſame Weight; the Denſities are re. 

289. Ciprocally as the Bulks “: if therefore 

both rhe Bulk and Weight differ, tht 

Ratio of their Denſities 'is compounded 

of the dire& Ratio of their Weight; 

and the reciprdeal Ratio of their Bulls 

315. and therefhvs by dividing their Weight 

by their Bulks, you may get their Den. 

fities; that is, you may get Number 

which are t one another” as thelr 
Denſities - Ih VG 

is, Jou may com re the Wei 8 of all 

Bodies, by 7 comps uſe of a gin of 

heir Bulſs are 'diſcoveted: by immet- 

"Gig them in the fame: Pluid; for: the 

* 299. Weights loſt. thereinate as their Bulls“ 
317.1 Here again the Hy droſtatical bal 

- wal. lance is ufeful 2j as allo 2 Glaſs Veſſe 


41 


271. CO P, to put che Bodies i into, that art 


* 288. 


f0 ; 

* * 1 

EF 72 
Wo 
2 
2 


nog Pura beds, 39 
to be compared: there is alſo. PRE Chap. 5: 
2 Weighr, as P, (Fig. &.) of equal LD | 
Weight with this Veſſel ; ; and laſtly, f 
the Weight p (Eig. 8.) equal to the 
Weight 5 hich the Veſſel D, when fuſ- 
pended in Water, loſes. 

Tie by a Horſe-Hair the Veſſel D in 
the place of the Body C (ſee Fig. 3.) 
to the Scale A; and make the Ballance 
eren, by hanging the Weight P to the 
Scale B: Let the Body, whoſe Denſity is 
to be found, be put into the Veſſel D, 
as was faid, and weighed ; let the Veſ- 
| fel with the Body in it be. immerſed in 
| Water, by letting the Ballance down,; 


— - 
- Pow — — — 
— - 2 * 5 
— * eden Mid eta CCC 
—— * A * 2 


and let the Weight p be put into the 
the W Scale A, to reſtore the Equilibrium, 
del N with reſpect to the Veſſel D: then put 
ts into (the Scale B as much Weight as is 


neceſſary to make an Equilibrium; and 


4 was «Good; . 
137 Gr. of Gold loſe in Water 7 1 
of their Weight; 248 Gr. of Silver 


ghts this is the Weight, Which the Body We 
en are weighing loſes, By this therefore 41 
bers the Weight of the Body is to be a 1 
heir WE ded, — Set its Denſity . i, * 1 


met. loſe in Watbr 24 Gr. of their Weight: 1 
the therefore their Denſities are as 18:5 10 W | 
— 105, chat is, almoſt as 114t 66. Wi 
Pal. 


The Denſity of a. Body heavier than - 
a Fluid, is likewiſe diſcovered by apply- 1 
ing it to a 4007 lighter than that Fluid. 

[C4] Let 


40 Mathematical Elements 
Book II. Let there be 'a Machine, as 4, like 
the Machine deſcribed in the foregoin 
Tab. xzii, Chapter *. To the lower Part of this 
Fig. 5, let a Ring, as D E, be faſtned; as alfy 

312. to the upper Part the Ring EG: The 

Sphere will with its-own Weight be im. 
merſed in the Water but in part. This 
Machine can't be ſerviceable, unleſs you 
ha ve ſome other Method of diſcovering 


how much of its Weight ſame. one By. | 
dy loſes in Water; we take it then for IM | 
granted, that 109. Gr. of Lead weigh IM | 
in Water ro Gr. only; therefore let 6 I | 
many Grains be put on the Ring DB 

Which will ſink the Machine ſome 
Depth; ſuppoſe to 4. Let ſome Grains, M 1; 
what number you think fit, ſuppoſe 8, f 
be put on the Ring FG ; and the M I », 
chine will ſink to ſome Depth, ſuppok 27 
to c: let the Space 4c be divided into , 
8 equal Parts, and let the Diviſion be N p. 
continued on upwards and downwards o 
and let the Mark 4 be expreſſed - by Wh 
100, the Mark e will be 108, and the 8 
joweſt of all in this Figure will be 97. B. 
It appears plainly, by comparing N' 12 
307 with this Apparatus, that the- Mar, W. 
to which the Machine deſcends. in the Mex 
Water, diſcovers the Number of Grains pre 
the Machine: is preſſed, down with; the 
tlierefore if you lay any Body on the the 
Ring DE, the Weight of that Bod 
Cul 


in Water may be determined, and by 


ſubſtrafting 


of PuHYS4CKs. 


8 ſubſtracting this Wei he from its Chap. 5. 
W 


weight when out 6 
is will have the Weight it loſes in ow 
lo Water; MY, which it you divide the 
be Weig ht of it out of Water, vou will 
m- diener the Denſity; as was {aig} at 
nis the Beginning of this Chapter. 91 
| When the Weight of the Lage: © is 
not ſufficient to ſink the Machine deep 
enough, the Machine may be made 
heavier by laying a Weight on the Ring 
EG, as will appear in the 88 
Experiment. 

: EXPERIMENT I 
Let a Piece of Braſs of 100 Gr. be 
laid on the Ring DE, which does not 
| ſink the Sphere; let any Weight, ſup- 
poſe 17 Gr. be laid on the Ring FG; 
and that ſinks the Machine as low as 
b, that is, to the Mark 105; which 
proves the Machine to be depreſſed with 
ſo many Grains: from theſe ſubſtra& 
the laſt mentioned 17, the remaining 
88 are the Weight of the ſaid Piece of 
[Braſs in Water, which therefore loſes 
12 Gr, by which if you divide the 
Weight of 100 Gr. you will have 8 5 to 
expreſs. the Denſity of Braſs : And by 
proceeding with any other Bodies in 
he ſame manner, you may compare 
Their Denſities. - | FRE 
This Method lies under many Diffi- 
Fulties, rhe foregoing is the beſt of all. 
| * H A * 


ater, you WWW 
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fir is the Coheſion of the Parts ef the 


*. H A b. VI. 
of the Reſiſtance of f Hud. 
55 EL Bodies, which move in Fluid; 


\ ſuffer ſore * 'Reſiſtance ; as which 
ariſes from two: Cauſes! The 


Fluid; for a Body, which in its Motion 
ſeparates the Particles of a Fluid, muſ 
overcome that Force with which they 
cohere; which will retard the Body) 
Motion. The fecond is the Inertia of 
Matter, which is a Quality common t 
all Bodies * * The 2M makes a Certai 


12 


upon 12 the Parteien dbate | the By 
dy's Motion by re-a&ting upon it. 
The Retardation” ariſing from th 
firſt Cauſe, natnely, the Coheſſon 0 
Parts, in the fame Spacéè, and in the fit 
Body, is always the fame, whateye 
the elocity of the Body be; for th 
ſame Coheſion is always to be oyer 
come : therefore this Reſiſtance i 
creaſes with the Space paſſed over i 


which Ratio likewiſe the Velocity b 
crea; T 


dn of: ETSIeA a. 43 
ereaſes *; it is therefore as the Velo- Chap. 6, 


The Reſiſtance. arifing from the Iner- "WP 
tis of Matter, when the ſame Body 3** 
moves through different: Fluids with 
te ſame Velocity, is proportionable to 
the Quantity of Matter which is to be 
gs, MW removed at the ſame time, which is as 
ch the Denſity of the Fluid. 


% 
. 


he When the ſame Body moves through 322. 
de the ſame Fluid with different Veloci, 
on ties, this Reſiſtance increaſes. as the 


ut Number of Particles, againſt which the 1 
ey Body ſtrikes in equal Time ; Which 1 
ly; WW Number is as the Space run over in if 
of that Time, that is, as the Velocity. 
1th But this Reſiſtance. increaſes further in 


proportion to the Force with which the 


wa - wma mo Ahn a. nr nn — 
* — 
jp AID 2 


the Body ſtrikes upon each of the Particles [ 
n of MW which Force is alſo, as the Velocity of | 
vins the Body: So that, if the Velocity be | 
at triple, the Reſiſtance will be triple, by | 
By MW reaſon! of the triple Number of Par- 1 
ticles that are to be diſplaced in the 14 
th ame Time: It will be likewiſe triple, 
n d by reaſon of its ſtriking againſt each | 
fant ME Particle with three times the force. 
reve The whole Reſiftance therefore is Nonca- 
r tu, chat is, as the Square of the Velo- 
ove 7 7 8 by 1 381 | . it ; S723 | 
e üb Wherefore à Body moving in a Fluid 323. 
er, u meets with Reſiſtance partly in a Ra- 
ty b of its Velocity, partly in a duplicate | 

1 1 Ratio : 


— 


44 Mathematical Elements 
Book IT. Ratio of the ſame. The Reſiſtance 
WYY ariſing from the Coheſion of Parts in 

_ Fluids, that are not glutinous, is not 

very ſenſible,” in compariſon to the other 
Reſiſtance: and ſince the latter in. 

* 222. creaſes as the: Square of the Velocity, 
« 320. and the former only as the * Velocity; 

the more the Velocity increaſes, the 

more difference there: 1 15 between' theſe 
Reſiſtances: therefore in greater De. 
grees of Velocity the latter only fall 
under Conſideration, which is at the 
Square of the Velocity. 

In what follows I dort Peak of gl 
tinous Fluids; nor of flower Motions, i 
which the Reſiſtance, which ariſes from 
the Coheſion of Parts, deſerves to br 

cconſider ed? 

325. Su poſing 2 Fluid cod in a Prim 

tical Veſſel. and through it to be m6 th 
ved, with equal Velocity, and in a Dr 
reckion parallel to the Sides of the Ve fi 
fel, two Bodies, the one à Sphere, ti n. 
other a Cylinder; and the Diameter d me 
the Baſe of the Cylinder: to be equal t Fl 
the Diameter of the Sphere ;. and th be 
Cylinder to move according, to the D. 0 
rection of its Axis: I ſay, theſe Bod de 
will meet with the ſame Reſiſtana 
To demonſtrate this, let us imagine th 
Bodies to be at reſt, and the Fluid d 
move through the Veſſel with the fk 
Velocity, that the Bodies had: tl 


> 
* > * 
0 S | 
72 4 


TSI 


| aluive Motion of the Bodies, and the Chap. 6. 
0 Fluid, is not altered by this means; “ | 
- I cherctore the Actions of the Bodies upon 

" the Fluid, and of the Fluid upon the Bo- 


dies, are not changed. The Retardation, 
which a Fluid ſuffers by paſſing along 
be by a Body, ariſes only from its being 
e contracted into a narrower Compaſs; 
N. but the Capaciouſneſs of the Veſſel in 
this Caſe is equally leſſened by both Bo- 
he dies: therefore both Bodies produce e- 
qual Retardation, and (becauſe Re- ac- 
| tion is equal to Action) the Fluid acts 
| equally upon both Bodies; wherefore 
both of them are equally retarded alſo, 
* They move, and the Fluid is at 
eſt. 140 ine NM bunt. 453 
This Demonſtration will proceed in 
the fame manner, though the Veſſel be 
enlarged, and will take place in an in- 
finite Fluid compreſſed; and therefore 
may be applied to Bodies deeply im- 
merſed. We here ſpeak of a continued 
Fluid, and whoſe Parts can't by Preſſure 
be contracted into a narrower Compaſs ; 
other wiſe there will he occaſidned an 
Accumulation to the Parts that are be- 
fore the Body, and a Relaxation to tlioſe 
behind it; and hat ſo much tlie greater, 
the more obtuſe the Body is which 
will likewife cauſe a greater Irregulari 


— 


2 220 = 
=, 
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#4 
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in the Motion of the Fluid, -andproduce 
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Motion. 


327. 


328. 4 


329. 
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„When a Body moves ; along the Sur. 
face of any Fluid, che Fluid is elevated I | 
towatds rhe Parts before, and depreſſed 
towards. the Parts behind chat Body; i : 
and theſe! Ele vations and . Depreffions 
ate the greater, che more obtuſe t 
Body is; and the Body itſelf 1s'the if 
more vetanded upon this Aecount: the 
is likewiſe a greater Irregularity of M 
tion in the Fluid in this Caſe, whit f 
_ inoreaſes tlie Retardation of the hd 
The fame holds, if the Bod Kt! 
3 if it be not very deep 
Though in this Caſe the Trregularityq 
the Fluid's Motion is the chief Caukt 
the Retardagion;'' 1 
In order therefore to ſet aſide: th 
Jrregularitics s; we are to conſider B 
ly immerſed, and to give Rub 
ee theſe, for comparin the Rei 
idations; in the ſeveral Caſes that m 
ba put. We ſuppoſe the Bod ies to h 
z though the Demonſtratio 
"will hold goed in all ſimilar Bodi 


Here it ũs roche obſerued chat Reſiſun 
is to be tiftingniſhed: rom ker rdati 
Reſiſtandce produces Retardatien; WII 
vou ſpeaklof the ame Body, you i 
Zuſe the one dor * 
Follow the ſame Proportion: but lu! 


po 
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k 1 ng the Bodies to be different, the N 6. 

3 me Reſiſtance often produces different 
10. Retardations. By Reliſtance A Body re- 3 30. 

el ceives a Motion contrary to its Own ; 

del I Retardation is the Velocity, Reſiſtance 

7 is the Quantity, of this Marder a] 1 

o Suppoſing two Bodies, equal in Bulk, 333. 

the but of different Denſities, to. move 0 

through the ſame Fluid wixk equal Ve- 

ei the Fluid acts upon both in che 

{ame manner; therefore they ſuffer the 

ame Reſiſtance; but different Retar- 

dations; and theſe Retardations are as 

the Velocities, which may be prod 

by the ſame Force in the Bodies: pro- 


hg noſed * *, that is, they are reciprocally 330. 
uſed sthe Quantities.:of Matter in the ai d g 


bodies , or 1 as their Den⸗ 4055 
ties * FRED 5 28 8. 


„1 — 


heir HO that is, as the — of 
ix Diameters; the Quantities of Mat- 
er increaſe a8 the; Cubes of chein, Er- 
meters: the Reſiſtances are the- 
58 of, Motion, che Retardations Aro 
ie Yelogities-atiling. from them“; hy = zo. 
viding. the, Quantities of Motion 77 
he Quantities) of Matter, yu get ethe 

elogities*:; . Therefore the Retarda- * 60. 
out l ons-are as the Squares of the * 


U 


* 2 


Bobk II. directly, and as the Cubes of the Di 
WS Y, l 


- - 
os 8 
% . 


333. 


329, 
321, 
323 


334 


tiply the Square. of the Velocity by ti 


areas the Squares of their Velocities *, 


move in. 3. Reciprocally as:their H 


: as the Denſities of the Bodies“. 
Numbers that are in a Ratio con 


Lerne warf 


: compared: together, 'by comparing Y 
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ameters reciprocally; that is, en 
_ as the Diameters. 

I two Bodies be equal in Bulk, of the 
dame Denſity, move with equal Velo: 
city, but through different Fluids; theit 
Retardations are as the Denſities of the 
Fluids®, 8 fa 

When Bodies of Ghual Denſity and Bulk 
move in the ſame Fluid with differen 
- of ' Velocity; the Retardation 


By what has been ſaid, we may con. 
pate together the Retardations of au 
Motions whatſoever: For they are, 
As the Squares of the Velocities *, 2. 
the Denlities of he Fluids the Bodis 


ameters *. 4. And 4%, Reciprocal 


pounded of theſe *Ratio's, expreſs th 
Ratio of the Retardations: If you mil 


Denſity of the Fluid, and divide ti 
Product by the Product of the Di 
meter of the Body multiplied by ö 
Denſity; and proeeed in the ſame mai 
ner with the ſeveral Motions: the Qub 


tients of ſuch Diviſions will retain br Net 


und- Ratio, we mentioned. 
Tneſe Reætardations may ' likewiſe Ex 


. bn £8089 19 


monſtrable that the tende of 4 


te 


lande a a Sphere e te — Dia- 
meter is equal *) is equal to the 15 * 325. 
of a Cylinder of the Fluid, in w: 

the Body moves, whoſe Baſe is equal to 

il: W the Baſe of the Body, and whoſe Height is 

ent half that Height, by falling from Which 

on Wl in Vac the Body may acquire ſuch a 
Velociey, as the aid Cylinder moves 

m. with through the Fluid? From a_ Ves 

ay Wl boeity of the Body in motion being 
„the Height of the Hader of the . lun 
: kW diſeovered; as alſo its Weight, fro 


dis knowing: the Apecifick: Gravity of the 
D. Fluid and the Diameter ef the _ 
eh For inſtance, Let à Sphere of 3 Id. 


ehes Diameter move through Water; 

with ſueli a Velocity as to paſs over 16 

kest in a Second ; from what has heen 

aid of * Bodies falling and Pendulums; 157, 

5 alſo by actual Experiments of Pen- 158, 

dulums, it has been diſcovered, that 134- 

this is che V elocity,' Which a Body: fal- 

ling fromthe height: of Feer acquires 

mat the Weight therefore che Cylinder of 

Water; wlioſe Baſe is 3 Inches in Dia- 

neter, and Height 2 Fect, that is, 2 

Weight of about 6: and 3 F. is equi. 
lent to the Reſiſtance ol the ſaid 


Pphere. | 
95 Let 


Reliſtance with the Gravity It is de- Chap. 67 | 
* 


oy * 

"ls - — — — = 
. * = 
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_—_— —_ ” — 
— 
2 B o———_—— cre p< 
— — — _— 


50 


Mathematical Elements 


Book II. Let the Reſiſtance thus diſcovered be 
divided by the Weight of the Body, 


337. 
* 79. 
330. 


339 


Iss. 


bed by its Deſcent f-: In R Huid not 


; icent; 90 


Which expreſfes the Quantity of: Matter, 


in it, and That will give yowthe Re- 


of the ſeveral Retardat ions will be found 
to be the ſame, as they were by the for. 
n en, om vod of 
Having conſidered the Retardations 
of rectilineal Motions, we paſs on to the 
Motion of Pendulums. LOU St en 
An Arch deſeribed by the Aſcent of 
a., Pendulum, ſwinging in Yano, and 
acquiring ſome Degree of Velocity, by 
geſcending, is equal to the Arch: deer 


( 
tardation*. -By Which Rule the Ratios t 


ſo;- And there is-fo much the greater 
Difference between theſe t- O, Arche 
by how much-the greater. Reſiſtano 
there is; that is, (in the lame Fluid 
and Pendulum) ;by,; how/ much tie 
greater the — by the De 


05 Aft gahof 10 bi 
Let the Reſiſtance of the Fluid he 
the Velocity, and det two Pendylums 
altogether alike; ſwinging in a-Cycloid 
perform unequal Vibrations, and begin 
to fall the ſame Moment; they begin 
to move with forces, high are as the 
Arches to be deſcribed; by their Or 
ſcent *: If theſe Impteſſions of che ff 
Moment only are conſidered, the Velo: 
ties Will be in the ſame Ratio any time 
"1 oO | ten 


r 
Sr, * 


cy Pn S LOK S. 51 


„er; as they were ar grſt z PM the Chap. 6. 

. Retardations, which: are as the Velo- e 

cities, cannot change the Ratiq of thoſe-* 

- If Velocities: for the Natio tliat is be- 

; I rycen two Quantities is not changed, by 

4 I the Addition or Subſtraction of Quan- 

. tities, that are in the ſame Ratio. 

However therefore the Velocities of the 

W Bodies are altered in moving by Re- 

is I fitance;' yet in equal times they run 
der Spaces which are as the Forces in 
the Beginning *, that is, as the Arches * 53: 

4 Mio de deſcribed. by their Deſcent : 

by WY 7 herefore after any time whatſoever, - - 

rl. the Bodies will be in correſpondent 

nat Points of theſe Arches; - Now in theſe 

ter Points are produced Foros, that are in 


. Ratio as thoſe in the Begin- 
ace ing ?; and. the Proportion of the Ve- 156. 
u beities, which is not 2 by Re- 


| tance, ſuffers no Change 7 
In the 2 of the — 4 the Gra- 
pity retards their Motion, but the Ac- 


bons of Gravity are in tlie ame Ratio 
ms s in their Deſcent, in correſpondent 
loid, oints. - The Velocities therefore are 
ecin rery where in the ſame Ratio in cor- 
cgin elpondent Points. But ſince the Bo» 
; the ies are in: theſe: correſpondent Points 


n the ſame Moments, it. follows that 
he Motion of both is deſtroyed in the 
ame Moment; that is, the Vibrations 

Ice performed at the ſame time. The 
* D 23 Spaces 


5% Mathematical Elements 
Book II. Spaces gone over, in the Time of one 
Vibration, are as the, Forces, with 

Which they are gone over; that is, the 

* 340. Arches deſcribed: by whole Vibrations 
are as thoſe deſeribed by the Deſcent; 

the Double: whereof: are) thoſe ' Arches 

* 241. Which are::ito be deſcribed: #n:V acao?, 

The Defefts: of Arches deſcribed in 3 
Fluid, whereby they fall ſhort of thok 
deſcribed: in Varun, are the 3 
of Quantitzes in the ſame Ratio with 

.; thoſe Quantities, and are as: the Arche 

| deſcribed by the Deſcent. = | 

342. From there:being an Equality of c 
tioꝰs between theſe ſeveral/Arches, it fil. 
los that the Velocities in edrreſpondent 
Points ofithę Arches, that are deſcribed 
are every whert as the Arches deſcribel 
by the Deſcent; For cheſe cor reſpon 
dent Points.are correſpondent Points il 
of: Archesydeſcribeb ia Nach; in whit 
we have demonſtrated this Proportioi 
tairakb plate, n' ons ebay) 
| ; 343. £< Let now the: Reſiſtance inc aſe ini 
ar duplicate Rmio of the Velocity, and i 
1 the Pendulum make unequal Vibe 
tions; the greater Mibrations will b 
doager in making by.-reaſtin of. the he 
ſiſtance increaſinge mara: than in tit 
Cate N*ygo9.! a eh ons; 54 
344- Notwirhſtanding F this, ſuppoſing | 
Arches to be not very unequal; the Vt 
locities, in correſpondent” Points of | ; 
22 1 Arc 


G ERT SIA 


6 - 
+. * 

a 3 
* > 


Arches deſcribed, are, every where, al- Chap. b. 
moſt in the ſame Ratio; and indeedin ? 


the Ratin of the Arches deſcribed by the 
Deſcent. Were the Reſiſtance in the 
Ratio of the Velocity, this Proportion 


would take place Pan but now it is Al- 


tered beeahſe of a greater Reſiſtance in 
the greater Vibration, by which the 
Motion of this is more abated. But 
then it 4s more acceleratad, for two Rea - 
ſons. 1. This greater Vibration laſts 


longer, * and the Body remains longer * 
in a certain Space, than in a Lorreſpon- 


dent Space in the leſs Väbration, and is 
Defeck of the Arch deſeribed from an 
Arch deſcribed in Vacua is greater, dn 


342. 


343 


proportion, in the greater YN tbration ; 5.05 
beeauſe in this the Reſiſtance differs 


more from the Reſiſtance in the leſſer 


Vibration, than in NY 341. The cbr- 
reſpondent. |: Points therefore in the 
greater Arch are proportionably farther 
iſtant from the loweſt Point, than in 
the leſs, While the Body deſcends in 
This; therefore .there! is-aiproportioria- 
ply greater Accelkration cauſed in tlie 
armer, ;becauſs the Force, which is 
antiaually; act ing upan the. Body, is as 


Thereſbie there is a Compenſation made 

nd. the ſaid Proportion 1. reſtored. 
 the-Aſcehit of the Body, the Conti- 
" TT nuance 


5 Diftance':from-: the loweft Point. 156. 


54. Mathematical Elements 
Book H. nuance of Retardation concurs with the 
NS} Reſiſtance, to deſtroy this · Proportion; 
hut in the preſent Caſe, che correſpon. 

9 Mam Points of the greater Arch are pro- 
ortionably leſs diſtant from the loweſt 

Point, than thoſe of the leſs; and there; 

;a proportionably leſs Retardarion oc 
ſioned by Gravity: and the Difference 

ol the Diſtance of the correſpondent 
Points from the loweſt Point is now ſo 

far increaſed; as to he ſufficient bh 

100 make Compenſation. bas * ©: 
The Reſiſtances, which are as the 
Squares of the Velocities, are therefot 

-every where, in correſpondent Point 

as the Squares.of the Arches deſcribe 

by the Deſcent; in which i:Ratio an 
alle the Retardations + ::and ſince ad 
* nfl theſe. keep the ſame Proportion i 
:chrreſpondent Points; the Sums of then 
all, that is, all the Retardations, wh 
are the Defefts of Arches! deſcribed i 
Fluid from thoſe deſcribed: in Vun 
org (Which is all one) the Differences 
Arches deſcribed by à Deſcent, al 
-thoſe deſcribed by the immediately f 
345. low ing Aſcent, wil be. in the ſame i 
portion. Therefore theſe Difference 

the Vibrations be nqt very unequal, 


nearly as the Squares of dhe Adee! 
ſeribed h Dag ſcent.) Which | 154 
. confirmed: riments in grellt 


oll in theſe the Propan 
© « (i 


— 


ee tions 
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of the Reſiſtance, we are: ons raking Ge: 6 


of, takes place e. Jo 
Here is a Ciſtern ABF.CD; three Fetz 


in length, one Foot in breadth and depth — 4 
filled * mikey ; and by the Hook Vis: 6. 


filtned ober the. middle of i the Ciltern, 
the Pendulum Vip hangs:' This is made 
of a Wire even or tight Feet long, and a 
Bullet y About an Inch and half 1 in Dia- 
meter; when the Pendulum is at reſt,the 
Bullet is three Inches off from the Bot- 
tom of the Ciſtern. In P there is faſt- 
ned to the ſaid Wire a greater Bullet, 
of about three Inches Diameter, 10 
make p be lefs retarded in the Water. 2 
Parallel to the Side of the Ciſtern yen 
may move, along the Rim of it, a Board 
about five Inches high, to which are 
applied the two Brazen Rules EG, ES, 
and the Indices M, M, to mea ure the 
Angles deſcribed by the. Pendulum in 
its Deſcent and accent daR to tho 
re perſcribed N X's 
S BEXPERIMENTS:#: 

Let the Rules E G, E G, be 0 placed, 
that tlie Extremities & G mall "oh over 
the Pendulum When at reſt, and that 
e abs c e there ſhall N 

a Space equal to the Diameter 
the: Wire, which! the Bodies Py hang 
by. Apply ane Index to the Mark. 16 
of one Rule, and the other to the Mark 
14 of the other Rule; let the Pendulum 

[D 40 ſwing 


56 Mathematical Elements 
Book. N fwing from tlie former Index, and it will 
| V afcent almoſt to the latter. If Inſtead 
of theſe Marks you uſe 20 and 16 f the 

Experiment Will anſwer; as alſo when 
the Indices are applied to the Marks 24 
and 19 2. It is to be obſerved. 1 the 
Plaid ſhould be at perfect reſt. 
The Arches deſcribed by the Deſcen 
in this Experiment are to cane another 
as 4, 5 and 6, the Squares whereof are 
16%, 85; and 36: The Differences | of 
tlieſe Arches and! thoſe deſcribed:by — 
Aſcent are 2, 3 +and/ 4, Which 
bers. are to one another as +the Gl 
Squares, 3 rs by multiplying then 
2 nene. 
347. Pia: Body deſceniling e 
is accelerated by the relative Gravity 
thereof, which — acts upon it 
but not equably accelerated as in V4 
* 129. ba. By:the- Reſiſtance of the Fluid 


ehe Body. We may know /the' greateh 
— Pax 55 Velveity,. which: a Hody cin 
uire by fall ing an In Fluid far ifa 
Velocity ber ſuchiithat the Meſiſtancs a 
riſing Fro ie, is equivalent: ta the la. 
tive Weight a the: Rodyy7 its Moti 
eannot be accelerated any ; 40 
the Motion, uhich iu continua By. pi 
ed by rhe: LRN: * wall 05 

[2 


= there” is cauſed: ai Retardation, that is 
45 a Diminution of Acceleration, which 
$i! Diminution dnecneaſes as the Velocity of 


f EAT SICK. 59 
1 © deftroyed by the Reſiſtance, and the Chap. G. 
d Body will be forced to go on equably: WWW 
e The Body in falling — wr 349. 
n I proaches to that greateſt Degree of 
4 Velocity, but never can attain to it. 

10 When the Denſities both of the Fluid 
and the Body are given, the relative 
nt Gravity of the Body is given; and, by 
knowing the Diameter of the Body, it 
may be diſcovered, from what Height 


.of it mould fall i 'Yacuo to acquire ſo 
great a Degree of Velocity, that the 
m- Wl Refiftance, in the Fluid, ſhall be equal 
ail to that relative Weight *; which * 23G, 


be che ſaid greateſt Velocity. ' 
If -we' conſider a Sphere, every body 
knows, that this is equal to a Cylinder, 


vit} the Diameter of whole Baſe is the Di- 
ait; WW ameter of the Sphere, and whoſe Height 
Ve Mis: of that Diameter; which Height is 


to be increaſed in the Ratio that the 


t 5 relative Weight of the Body exceeds the 

hich Weight of the Fluid, in order to get the 350. 
ty of Height of a Cylinder of the Fluid, whoſe 

atelt WW Weight ſhall'/be. equal to the relative 


Weight of the Bod/. By ſquaring this 
Height, wwe have the Height, from 

which if the Body falls in Vacud, it will 

by that Fall acquire ſuch a Velocity, 

a8 hall produce a Reſiſtahce equal to 
ws relative Weight“; and which is 336. 
merefore the greateſt Velocity Which a 
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Book II. Body can acquire by falling in a Fluid 
EY from-an-infinire Height ®. © 1 +» 


349. 


therefore; a Sphere of Lead, as follow; 


351. 


Mathematical Elements 


1 
= 


. Lead is eleven times as heavy as Wa. 
ter, Mherefore the relative Weight of 
the. former is to the latter as 10 to; 


from what has been ſaid, cannot ever 
by falling in Water acquire a greater 
Velocity than by falling in Vacuo from 
an Height of 13 7 of its Diameters. 
A Body lighter rhan a Fluid, aſcend. 
ing therein by the Action of that Fluid 
upon it, moves altogether by the ſame 
Laws with an heavier Body deſcending 
in the Fluid. Such a; Body, whereſo. 
ver placed, is ſuſtained-and buoyed wy 
* the, Fluid, with a Force equal to the 
Difference between the Weight of. 
Quantity of, the Fluid, of the ſame 
Bulk with the Body, and the Weight d 
the Body; as appears by .compariag 
Ne 293. & 292. Here is then a For: 
continually acting equably; upon tie 
Body, which not onlyſdefeats the Action 
of the Body's: Gravity, that This, in 
the preſeng? Cafe, . ict to be / conl: 
dered ;- but which does: alfo: thruſt ith 
Body upwards with an untformly! acte 
lerated Motion, in; the ſame manner a 
its relative Gravity carried a Body be 


vier than the Fluid downwards: But 


the Uniformity of Acceleration is in ile 
ſame manner deſtroyed by Reſiſtance s 
0 fp 


of PHYS1CKs. 


the Aſcent of a Body lighter, as in the Chap. 6. 
an r 


Beſcent of à Body heavier, = 
7 2 86 * 

W ben Aa | Body ſpecifically 3 than” 
a Fluid is druff upwards thetein, it is 
retarded by a double Cauſe, the one, the 
relative Gravity of the Body, che other, 
the Reſiſtance of the Fluic: The Body 
therefore aſcends to a leſs Height, than 
it wquld 7 in Vacao, with the lame Velo- 
city: But the Defects of the Hei com 
to which a Body aſcends in a Fluid, 
the Heights to which with the fame Ve- 
locity it aſcends in Vacuo, are greater 
in proportion than the Heights them- 
ſelves; and in leſs Heights the Defects 
are almoſt as the Jquarey of the Heights 
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preſſed by the upper, and Tha 
165 T8 equally towards all Parts“ 
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. and, Re- action being equal tt 
7 71 7 £, Aftion, it endeavours to ge 
4 way rowards all Parts with equa 

- Force 
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Force: if therefore the Preffure be ra- od 
ben away from! one Part, tlie Fluid © 
moves towards That immediately; and 354 
if. matters not towards What Part the 
preſfure is taken away, for it moves 
with the ſame Velocity; which is con- 
firmed by Experiments mentioned in the 
nent Chapter i:o; - 
At the ſame: Depth the Velocity is 
likewiſe every where the ſame, becauſe 
of the Equality of Preſſure?; but when + ;. 
| the. Depth differs, the Velocity differs 272. 
al{d J18WO) 43 c 
But though the: Preſſure, avhichicauſes 
i che Velocity; increaſes in the Raris of 
he Depth, yet the 2 is 273. 
ot proportionableto _ 
; .of; Motion p 
Wl uid Ale whole Effekt e 05 — 
Ind! this Quantity increaſes as tlie Pref: 
ure. Bur the Ratis of the Quantity = ,,, 
t Motion is compounded of the Ratio 
f the Velocity, and the Quantity of 
Natter moved“ In this Caſe the Mat- 6. 
er moved is Water (which runs out of 
Hole) the Quantity whereof; when the 
lime is the ſame, increaſes with the 
Y P H this be double, chat will 
e double; 36 which Caſe the Quantity 
Ie Motion is Quadruple, that i 18, in- 2 
rea ſes as the Square of the Velocity; 
dich is the: Caſe, whatever the Velo- 
5 rs ſuppoſed to be: therefore this 


Square 
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6: Mathematical E lements 
Book II. Square increaſes as the Preſſure, that is, I 1 
as the Height of the Fluid above the 

Hole it russlout at). ; 

56 Let à Parallelopipid of Wood, as 4 ff \ 

Tab. xiv; B, 15 Inches in Length, and as many f 

Fig. 1. in Breadth, and two Feet in Depth, be þ 

filled with Water, and fo placed, that Il , 

its Bottom ſhall be about eight Inches IF | 

above the bottom of the Wooden Veſſel 

CD, which is parallel to the Horizon, I 7 

.  » Whoſe Length is almoſt 4 Feet, 'Breadth ! 

odne Foot, and Depth 5 or 6 Inches. , 

In ſome Point, as E, towards the Bot. y 

tom of the Veſſel A B, let there be 2 f. 

brazen Tube parallel to the Horizon, t. 

the Diameter of whoſe Bore exceeds . 

half an Inch; let the fore-part of it be 

ſtopt with a Lamina, in the midſt of WM 6 

which let there be an Hole about = le 

of an Inch in Diameter; this Hole is to Ml ſu 

be ſtopt with a Cover, which covers MW 6 

the fore- part of the Tube, and skrews o 

„ e 

= By means of this Machine we com- U 
1 pare the Velocities, with which the a 
| Water comes out of the Hole E. Let 
| it move, for inſtance, in the Line EL, L 
| and at the Point L come to the Bottom b. 
| of the Veſſel. CD: this Motion is fe- D 
| ſolvable into two Motions, the one t v 
long the Line E I parallel to the Ho» f 

; rizon, according to the Direction the I zi 
1 Water moves in as it comes out of the in 
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Hole; the other in the e 74 

IL: the firſt js equable, and ine Water Ns 
ryns over the Space EI with the ame 
Velocity that it comes out, whilſt in 
falling it runs over the Space IL: What - * 20g: 
ever the Velocity be, IL Will he al- 
ways the fame, becauſe - E II and the 
Bottom of the Veſſel are parallel. to che 
Horizon; therefore neither will the 
Time be changed, in which ſeveral ſuch 
Lines as EI may be gone over] ;: theſe 
are therefore as the Velocitie: With 
which the Water comes out By mea- * 53: 
ſuring the Diſtance to which. the Was 
ter burſts out, you get the Line EI. l 

3-1 B*SBKI MENT L Tin 7 

[Let there be Water in the Veſſel; B, 
five Inches above the Hole that is at E; 
et the Diſtance, it runs out to, be mea- 
ſured: If Water be poured in higher, 
bo as to be 20 Inches deep, it will — 
| out, to double the Diſtance. The Squares 
of the Diſtances are in this Caſe as the 
| Deprhs.of. the Water, in which, Ratio alſo 
are the Squares of the Velocities. bot 

The Velocity of the Fluid, at any 357. 
Depth, is as great as a Body can acquire 
| by falling- from-an Height equal to the 


R. 


| Depth. For the Velocity of the Fluid, 
a W when the Depth of the Hole from the Sur» 
[0+ face is greater, increaſes in the ſame'Ru- 

ne 10, as the Velocity of a deſcending Body 

N increaſes, when the Space paſſed over 
8 in 
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, in falling. is greater *, and in the be. 

; ginning theſe' Velöcities Are equal; for 

355, the uppermoſt Parts of the Fluid, 25 

130 : alſo the Body in the beginning of its 

85 Fall, endèeavour to defooni 15 . foro 
of their Gravity oy... 


Hx p K 1 N W II. 


The following Nei 1s 90 


with the ſame Nlaehige as the forego. 
ing. The Veſſel A B is filled witty Wa 
ter, and a Tube with a Hole in it, ſth 
as E, put in it at E; ſo that the Heigl 
of the upper Surface of the Water z 
bove the Bottom of the Veſſel. Ch 
ſhalt be divided into two equal Fan 
by this Hole: The Water runs out at 
this hoſe as fir as M; {6'thar the Ho. 
rizontal Diſtance! of the Point M from 
the Hole is double of the Height of the 
Hole above the bottom of 150 Veſſel 
£21 D 7 2 the Water runs over 
7 to twiee this Height, with 
uable Motion, and the Velocity 
by burſts Gut with, in tlie Time that 1 
3 would fall from F. to the bottom 
"ef the Veſſel CD; and therefore-mores 
With rhe Velocity, which a Body cat 
* 134. get by fling from this Height: Nor 
this hee is equal to the Height 0 
the. Bur 80 of the Water above Ls 
Hole,” RE t3 K BN bs 
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355. 


_ upwards 
* ocity, as might 
carry it a5 7 5 as ee Sur- 
face of the Fluid * ; but, for all this, it 35, 
never arrives at that Heig 3 and that 137. 
for many Reaſons. 1. The Velocity | 
with Which the. Fluid , aſcends, is every 
Moment; abating, and a Column of -a 
Fluid burſting forth pen of Parts 
that move with different Velocities at 
different Heights: Now all the Parts of 
Column Which is every where of the 
ame Thickneſs, muſt needs move with 
the ſame Velocity; therefore the ſaid 
Column, every Moment, grows wider, 
while the Velocity of the Fluid is di- 
ene which ariſes from the Force 
of the; Eluid that preſſes upon the back of 
t, and-from the Nature of a en | 
is to yield to any I: eaſily to 
— — all. ſides: By. this 72 the 
Motion is every hs. wo K 
This Motion is alſo abated by t age Fare 
of 2 Huid, which having bolt 1 its 
E] Motion, 
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Book II. Motion, remains on the upper Part 

of the Column, and is * ſuſtained by 
that which follows for ſome ſmall time, 
before it runs down at the ſides; dy 
this, that part of the Fluid, that is con- 
tiguous to the uppermoſt, is xetarded, 
and that Retardation is communicated 
to the whole Column. 3. The Velocity 
of the Fluid running out is-leſſen'g' by 
Attrition againſt the "fides of the Hole; 
and this Attrition is . 3 

Fluid is convey'd through TOs 

Cocks. 4: Laſtly, the Reſiſtance of the 
Air is a hindrance of the en of the 
_ "POLES 


r 1 W 1 


e tw cull a. 


cannot de reftified, C910: E191 113] 

359 The fecond* is ctectifed by: ling 
the Direction of the Fluid à little from 
a Perpendicular, as is ſelf-evidetit'; and 
m_ is the'Reaſon, hy a Fluid Alcends 
igher, when it runs forth in a Direc: 
tion ſomewhat "oblique, than it Map 

a Per hdjcular i „ n 3490 2; 
ky N EES Im- J. 1 Eb H 
Tab-x*iv. © At ſome Part, dd N of the Machine 
9214 laſt deſcribed: *; tetew ima Curve Tube, 
33% as N \ fret which the Water may 
ruſh © e Ferpe pendicularly y througb { 
{mall Hole, b y Altering the Pofition of 
the Tube a Ktie, Which iseafily done, 
by. means of the Screw at N che Direc- 

£101 


94 o- ©: fu 
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ico g Waters Motion is jndined Chap. &. 
2 2 Perpendituln, und. the Water W. 
higher. But this Inchination zakes 


ery mach ry off from the OR 
_ With Abe to — 'hirs Cauſe of 
Retardarion, it ĩs obſervable, That there 
2 — Attrition in 
than on; : andthe 

pv pony, is Increaſed by dhe Velocity 
increaſing: Wherefore che Holes are to 
be made Jarger, when the aſcending 


| Water's Height is greater; 2 - 


The Bxtremities of tlie Tubes, ut Tabs 
of Which che Water raſhes, have com- . 
monlyxhs Sha pe of a \Rra#am of a Cone, 
as is repreſented in Ppatowhich Extre- 
mity the Water ſuffens a gveat Arrri- 
tian, and: moves irregulavly, and aſcends 
with an 4rvegular Motion. This is re- 
tified by! coe Ning the RMytremity of the 
Tube wirh a ſmobth-Pofifhed Lain 
with a Hole in it; for hen the Water 
will leap: higher, and, becauſe it will 
aſcend with an exactly regular Motion, 


| will be rewe tranſparent. ! 1 15 | 


ViBxPprRIMANT A 
i tay che Tube P, as alſo — Cylin- Tab. Niva 
&rQ, obered down at one End with Fig: 3. 
-Linins, having an Hole bored in it, 
be one aſter the other Skrewed /to the 
Fray the Tube N O, (Fig. 10 
Let the Water be at-the ſame Height 
191 1 en 2] in 


868 
Bock II. inn the Veſſel AH, when it is let out at 
the. Tube P, and. the Cylinder. Q; and 


362. 


363. 


Tab. xxlv. ; Suppoſinig tlie Cock H- to be put Into 
Fig. a. the Veſſel A Bñ at the ſame Heiglit; with 


; 5 7 de f | * 4 
Armed. 9111 nf % fen 9 


_ ſhould: be very Wwitle withareſpect 00 


Fluids: The Air it ſelf is TO in 
FE +363 the, number of Hluids, Jas mall he 0 
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what: has been Gadd Will be fuliy con- 


The Tubes, through which the Wa. 
Xer-8:convey'd out of its Receptacle, 


the Hole; that the Water may move 
ently. in theſe Tubes, and rhere ma 
be no very ſenſible xcttritioni 10 
For the ſame Reaſon! the: Aperture 
of Cocks are required to be very Wide 
E x eEREMEMN T: III n 


the Tube F; andi the Tube chat. has 
Cock in it, to: be ſtapt with a Lui 
having a Hole in it; juſt as the Tube l 
and the Aperture of the Cockito be d 
an Inch: The. Water. that paſſes through 
this Coek, is nta cted into a nat ro 
Compaſs than chat which moygs:throuph 
the Tube Fg andethe:latter is more fe 
Jucid, and runs forth to a greater Ur 
ſtance. 2 1281 NI £4 dw e 

The Relifjange: of thei Aithas-a! ver 
ſenſible Effect upon the Motions d, 


tiſe; therefore hat lias been ſaid cor 
;Cerning the Aſtent of ther Bodies 10% 
Fluid; takes place here; and in le 
. 1 Heigl]: 


* 

— 
7 
. 


a 


8 e 5: do * 
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it Heights, the! Defects, of. the Paghto Chap, 8; 

4 I from the, Heights 2, V acvy,o are; in 

n. R4rig of the Squares of cheſo Heights * 353- 

„ that; is, abſtracting from icthe othep 

„ | Guſes of Retarda tions, they are in ra 

Je, Rui the Square: of the Height ef 

% the Fluid above the Hole! Beſide nls 

Reliſtance, „ there is another that des 

ſerves; our: Notice; hich is, the Action 

ak the Air 92 the Fluid, When 8 

ruſhes forth, Thar ſurrounds the WIe 

Column of the running Fluid, andre: 

iſs its Motion, with which, it dilares it 

f towards che ſides of the Colums 

l it becomes wider; and there, is. a 

rater Force of the ſubſequent Fluid | 

quired, than if this Ręſiſfance Were 

lem a Way the Air therefore xl vs 

kewiſe with a lateral Preſſure. ..'The 

tefiftance,] which ariſes from: 75 Fluids 

riking upon the ir increaſes Vith 

be Surface: chat ſtrixes; that . | 

170 eloeity be the game, it increaſes 
INE Hole, in hi h,, Ratio hke- 

the; Quantity n of, Matter in Mo- 
) 3 ad Wi regard to; this _ 
re. is ng Pifferenge, of; -wharſgeyer 


ORE: N ai} % Hils 
The Jazeral Preſſures, propartien- 
” iche Surtacę ef, x : 


the, Column: 
acer 2 Mo r Nite Jen 
e n.the; fa ame 
1e With the: s Quang e I * 62. 


0 LE 3 pro- 


11 
— guy 
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Th, 
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Book IT. proportiondble to the whole Column, | 
dat is, to. the Square of its Surface: 17 
© tfietefore the Hole be made larger, the 


. ff: 


F 260. 
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| 1 n 4 70 5 ge 

1 855 2 Wee ee * Bik de 
N Ale Hole, 

e 


F 
f 
Rurflce, fir tm Highelt Pareof the Fi 


N ng de Wing lost Alk its Motion: 


5 TREE te Sehtrary 
e find e Dole [2 lei 


Quantity of Motion increaſes more 
than the Cauſe. thar fetards it. Thete- 
fors' iti greater Heights of Fluids tun, 
forth, there /afe gteater Holes te. 
quired; in order to overpower: elle K. 
teral Preſſure; which by air 


exerks the greater Force; Ullch as | 
hiivEtaken Becker of in another place“ 
19 required in tke ſa le Caſt for anothet 


Reaſen: In Whieh Place, as'alfo in this 
ken Preater Holes “ to be neseſſaſ 
Re e Heights ny, though we 
ne Demonſtfarions td grove; that thei 
Toles, whith ate moſt neceſſary t 
ester Heiglits ate eaten 700 i 
eral, 1 191 E732 L 
Gttat Holes de Kewile hinder Mo 
48; for in this Ce; there is a great 


!Femalh therE!lohger [5 

own at the lie, Bj 
Qs par toge then 
ts a cerkaü 


K % 


2 on 4 * = 
— nm WW e Go 


5 EIN 


Meaſure of the B 


ban be fd K 7 55 for Geterting 
Beraten Broezdth of th 


nien k Eid 1g Cömeſe 
5 W 


A 2 * 4 * 
* „ 5 - 
A > 
» 29 Tool * 
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through, and their Begd ings, alter . fo Obap. 8. 
as £0 make an infinite. Mauſetj. 

th relation to the — Height 367. 

is oþferyable, that The Sizeipfhrghe 
fies ab alſd the Height the Fluid can 
aſcend ta, has its Bounds, Which it can- 
101 Not. only that Part Of: the 
runs out at the Hole, which: is 
ditectly under the Hole; but, that teme 
may be a continual Eaflux, "che/dkigh- 
bouring Part of the Fluid continually 
flows: 10 it; which moves obliquely; anal 
in running but, moves with 5 — 
Motion, and diſopdlers the perpendicn- 
js ee. the aſcending Fluid : Ndw 

ater the Hole, che greater the 

uſion ariſing from this Cauſe 
f 1 Water running out, the Holes gught 
neyer te exceed an inch and 1. When _ 
the Velocity of the Bluid is tao great, 
it beats. 11 Air Witla .o great a Force, 
8s Lag dalpertad into Drops; in which 
Caſe, by leſſening the Velocity, the 


Bok 
Fluid 


ing Waters Carce evet;exdreds ro Betr. 
Fluids which, aſcend3abliqualy, do 368. 
dot Lader Rerardarion- ſo . mch; mor 
om many Canestias thoſe Wich 
aſcend perpendicularly. _ The feebnd 
:Chule r heforerheqtianatl, of Rn "358. 
n des net take 7 hers, ee ae e 
| LE 4] ffect 


5 pe Height £ che Fluid aſcends to is increaſed, 
&: i and yon get. the teſt Height the 
wth? Fluid Lan dend to and this, in a ſeentl- 
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X 
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IF 
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370. 54 gHere 
"XS. e DEA, A Feet land e d 
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Back Tb Aer f che HB - IH left. Ir other ra 
WVV ſpetts har us been faid-of Scale dds 


Ani is grenternthan hat of other Fluids 


8 a 


Uqaey! ptejecterl : Chap. BODE 
ory! 2125 tb 36h end of chef 

ep, frals g lire hrs. And a Nasen 
00 as un infinite Number f 
Svlitts following ohe upon anot 1 
Aeſoribing the laue Space. Ta the'Mg. 
c of H Fluid, che Space ase bed 5 
ſenfible;! And what has been id of $6 
d projected, niny de 
lduced to Experiment, by the - helpcof 
tfloids1ofor whichwe mould Alb Quick. 
ſierychecauſt thi ſpecifick Gravityl e 


Nowithbeſe Experiments are r be made 
weten perle Machine 178 0019500) 
18 r epreſented 4 Wooden Cle 


Me Anches brckd; and 6 Or 7 Inches 
Ahe Bottom Ane of Wood, a 
1llot / for abput half an Inchidetp; f 
>the convenient holding of Metcurje 
bIprhe Exrrehile Hof che SI EI 
2thers:":is la 3! as H, fix';Indb 
vd natd it Fest! hig l .in WI 
chers a Mortiſe:? by: means of wi 
ohe rod Pralle lopipid /, which 
n e deren oy 
12d mhat/Mortiſe? may bes 
| ys! P3177 2 ba 
18 repreſented 
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ING 45 NWS rexel. 


toW˖— as it wore, "round: 18 lick wo 
Bann are let into; one Whereef ap- 
years in e the Extremities:'of thele 
two are skrewed together with the 
vrew gi which, makes the Bet un- 
movable; but When the Skrew is 
looſencd a livcle}>the'Bok may Penne 
0 N drits Axis, 2 L! 1 WE {0% N 3 
Inithe Bottom of this Ben) iber l is 
5  Cylindrick Cavity, as uh, £of an 
| Inch! ih Diameter and this has a Com- 
Wunication with ſuch another Cavity, 
be which terminates in the middle 
f a greater Cavity c d, whoſe Diame- 
er is above half an Inch, and in which 
| put the Friufam f a Cone of Box, as 
3 which is faſtned to the: Or 
LI as you mayiſee Fi G55 D 1 
The Fruſtgms of a Cone UH; ls the 
aity e 4 exactiy; and is kept faſt 
erein by means of 4 Skrew, as R, 
mag through the brazen Landes OO, 
Ind this Fraſtun mag be turned round 
1 | 15 Axis 21% 1 } þ * KA 1 {15 id 
in chis; and in tlie Cylinder 1 L, there 
Dathe e ut of the ſame. Diameter 
FF ith the Cavity þ c, land cor 
ih it. With this C ylindet FE” you 
ö | — Toke 07 ni (. 803 
1 The Length of this Tube i5-ÞÞ OY 
| Extreinity of it appears in N M, 
825 which is faſtened to a 
Yun. 


** 


inder of Box, as P, having a Pur. Gag 5 
cOyli v pul 


Sf '«\ * _ Py 4 l bo 
\ - 0 . 8 * — 7 — 
W > ——— 4, COBB - a — 


' coincides. With I, (Fig 
Shrew Q-ooniy NES Oe 'BD, 
Ges) 5-) in n 9am] jou dr Gf taube 


Ama Elewents 


Book U Cylinder I. I in theform: of a 
Wich is hollewiin Ji Ye therg n 


tor Cavity, ãnto W which che Frau 
= Cone ED ; put, which e 
Kills tus, Cavity, and ia capable. ofche⸗ 
ing rutned round its Axis in it, ** 
means of the Handle. EA. 1 a 21 
{: The. Cavity Hi correſponds with the 
Cavity de, which has a-{Communice 
tion ith : This part af the Bor i: 
girt round with an — Ring, as B50. 
an which there is a very ſmall Hole, s 
g; which, when the Parts of the My 


Shine are put ragether, has a Comm 


e bs the bee the: Bax 
if RAO: bas ini UE E 21.45! 

Jo prevent the Tuba breaking; le 
Exerpmitics:L, L, of the Baxen Cylinders 
Gig: 8:3, & 5.): are applied with the Tobe 
Wppgen Rule Fig. I.). With 
— = lower Extremity:of- this: Nuit, 


there js, jained a Lamine of Indn, r 


appears Fig. 6.) n L 
is in thei hape Gnomon 
When the Gerremity 7 (Fig. 50 of the 
Beuen Cylinder iis; app Fog tei the Ex 


tremitel MN of the Auk, 1B 


Lal. 2K 13 40 [137 [$5518 | 961. 


af e tog mer (in! 


150 


bt 1 — ms: Sig hs of: all. the _ 


kd 
> win eaten AC ö K / p p 


a W 
e ns es 


Mercur 2 is poured inte the Bon f „ and 

t at che Hole g, (Fig: 5: Now 
1 1 tho Mercury contfftes of the fame 
Bepch in the Bex, add the Inclination 
of klie Rule #57 be not altered; the 
Mercury will run ofit with the Ame Ve- 
locivy in any Direction. Now the In- 
clination of its Direction is changed by 
1 8 e; (Which is marked 


A5 F 
17 4 1. e Birection tlie Mercurys 
Motion out of the Hole, and the Hori- 
zen, is -meaſared by a Quadrant 4 di. 
ned into e 87 Ferre, Alonę hich 


E C7PERS- 


— 
GOA 


BO = 


S 


Weight keeps 1 ir aa ays pe 1 
Tou have a better View as 
drant in Fig. 4, * the: A ry 8 


we two Rings faſtened, through which 
the Handle EA (Fig. 57 paſſes: When 
his Handle ftantls Barpeklicylar to the 

fizon; the Index coincides with the 
Mark 45 Degtres; and the Line of Di- 


it runs out, in That ae” Cf males half a 
dia Angle with*t Horzen. 


(Fig. r.) Theſe Birections dre made 
N 8 8 by means of a wooden Ta- 
4 g-blacked 59er, which the Mer- 


Aity I ity Moright mot grüzes On 
this 


75 
* 


928 BL 


Tbe Angle made by the 


Quadrant moves the Index 7 whoſe 


marked F H. In the hinder part of it 


rect ion of the Metcury's Motion, when 


pe Mok: ol Merciity „ accordin ET 
1 ſevetal Directions Fink] repre epidſertes 


E 2 ical -Blements 


Book Ib this Table;arg pointed out the Tracks 
* made by 2 Body, moving with thefame 
Velocity, but teens. of Direction 
making-unequal'Angles with the Heri: 
2zon, dine, to Hat was ſaid NV 12, 
which, could not be repre ſented, heres 
Alſo, the, Semicicle A I., Fig. 5. Tak, 
970 8 1 bed upon this; Table. 
abt You, 3 8 male uſe of ſeveral, ſuch 
ab les, wher reon to repreſent the Tracks 
hen there arę different Velgcities. - 
A 1 ho almoſt, in the 
le of faſtened i ti 


155 Side HF 630. move to Ani 
g the Fs. the Box. 

1 Velocity of the effluent Mercuy 

18 altere y changing the Inelinatiot 
85 RG n 5 and by. letting down 
But the: Aperture, from wheng 

ry; uren out, is regu lated or 
85 corref 905 a, to the Trad 


GC. ab le., r 
15 e 25 10 n Kopp 
121 Opping 1 (Figs 2. Wil 
he Peg D a. a1 9117 10 GL 


4 PE R ENI. IVs 21% 
71. e + Mac ine heit 


— _. . Fo *%> Ho = $I PAS EF. — | wal ab BS 6. ad 


12 ige sege che: 8 das N 
* 1 5 be, ine the Ry 8 1 ms, Till the 
He Fe Mercury alcends 
. e in 4. 65 4 fa ach 
_YSLSesS. Nerz. Ya xe from 1a Perpendinr he 
ih WEE Wen iP 2R8 0 / Diane 


tk 


25 


a0 Þ Ig 18k OK 

ks | the Semicitle defcribed-in the Table & Cheng: 
ne let the, Bex probe: fu'd at: ſuch an 
on 18 ht, - and the! Table G ſo omler d, 
oy hor the Axis of the: Ciroumyolazion: of 
2, the Cylinder B D, (Fig. 5:): correſpond = 
with the loweſt: Point of the ſaid Se- 
nicile-: However. the DireQionpf thhhe 
projection inclines, the Quantity ofotlis 
wi be always; four times hg: Line 
B Minthe Semielrele A BL, Agb. xv. 

2 g. 5.) There is ſome ſmall Diffęręnce 
| ang chiefly:from, the Reſiſtame oft the 

Ur 318 hich take aleng With ye for the 
Flowing Experiments , 
bn : 911i ExXPERTOtENT N eD QHTIF37 | 
The Machine being arderx 46 hs 372. 
homer: Experiment, if then Mergury 
uns Hut in two Directions, the Inglinas 
ion of one whereaf-excceds half a right 
ipgle, by as much as the others Incli- 
atlong Wants of lit; the Need will 

ut the Horizontal- Eine, Which paſles 
agh the loweſt Daa of: the; Semi- 1 
ice: defend 10 the Table in che vi o. 
ame Point, 13 iii FS. IC £ as ' fi: bs hy 


af 


our Mach MENT Io l | 
[Te Machine; eng ming asel, ay, 373 
he Track of any Direction "Mor 

on be pointed gut, as OR di 2 the 
ſcription ot ide Machine, an d; the 
fh..cqincides- 252 the Diviſion of 

e Quadrant that marks out this Incli- 
ation, the Quickſilver will — — 

rac 
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oak II. Track pointed out for it. If you point 
out Tracks according to the ſeveral An. 
oe, by moving of the Handle 4e, the 
ercury will — Wich theſo ſeye. 
een ſucceflively:; | E ee a 


2 


1 EA PEAAI NENA VII. Nur 
374. Il asscher Table, 428 , be made 
of, on which Tracks are pointed out 
2 __ : different Sane 5 
eur eriments 

— AfA: _—_ 5-99" * ny 
By: a Method, Ake vo That, wherel 
vis Diſtance, at whictrBodies, «6bliqui 
ly 1 falktoche ground, "Is 0 

Foes Op means of a Semicircle; 
di {cover | Diſtande to whick 4 fl 
will burſt out fromithe fide of a 
ſel, hen the Veſſel ſtands on an 
rizotal Plane: - this Diſtance is d ifferat 
according to the different Depth of & 
Hole, the upper Surfate of the N 
continuing rhe ſa mee. 
375. pe Let AB be the * of A 0 
Tab. xiv. lyd vrich a Hluid ; let this be biſeh 
ri C, and a Semicircle deſeribid wih | 
for its Center, and a Radius equal 
EA let there'be: att Hole at E: Il 
jet a Ferpendieularud AB, as —_ 
xaifſef and -terrfiineted in ſeme T0 
as D, of the Cirenmference of the 8. 
circle. Su ppoſing the Fluid eo buff 
fromm the Per wy. in an Hot 


gf pn V8 nds 


int t Plate; the Diſtance B F WII 
In. double of the Perpendicular E Bi 


7 
— 


che To demonſtrate which, wearers: - 


vel —— the Hluid vieh anequable Mo- 
tion, and fuch à Velocity at it Votes? 
out ar the Hole with, will deſcribe the 
gpace B F in che Time thar a 
would take up in falling from Ets 
Now in every Motion the Space . 
ſertbrel is as the Velocity; When che 
Time is tlie fame; and When the Ve. 
locity is the fame, the Space is as the 
Time. When therefore neither the Time 


deſerib'd, is in 4 Ratio compounlled of 
e Woleciey and the Time; and by 
3 one by the other, vou 
7 —— the ſame many for the Te- 
otiohs, you wi ntities, 
ts 8 0 Rig Ratio K X'S 
leſceib'd. If you perform the Opera 
br With rhe gutes f the Velorities 
ind Times, you will get the Ra- of the 
uares of the Spaces deſcribed.” AR ex- 
8 here the Square of the Veldtity®, * 
B che Square of the Time's,” The Pro- 


Product is equal to the 
frho Line EHI Which thereſbre, ben 
he Hole is changed, inereaſes and is di- 


Diſtance 


nor the Velocity is the ſame, the Space 


hac therefore of theſe Lins ex freies 
Square of the Space delerite ON | 


che Spade deſcrib?d': that 4s, if you 


uaiſhed 1 in the ame Ratio with the 


— - 98 bs n 
N r ku M8 
r x2 N , 2 F * 
by 8 n — — n * 3 MING My 
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N Diſtance B E, Suppolig the Hole to; 

in the; Center Che Diſtance B 

' tazwhich the Fluid ruſhes gut, is eu 

* 357, to BAU is dquble of a Perpendi- 

134. cular to A B, rais'd at the int C, and; 

terminated by the Circumfetence ofthe 

Semicigcle//whieh is therefore the Caly 

in all :Holes;} and E B will be zhalf af 

BF. ge ar 1 1:130M, Vie dd 133 WOYH 

376. From the Premiſes/it follows, thatthe 
Eluid xuſhesl out at an hole in the Center? if 

Cc to thoBretelt diſtanee of: all. 

EN YHERINMHNTVIII.“ = i 

Tab: xxiv. - We are here to make uſęe ol the Ma. 

. , chine deſeribed in theforegeing Chapte 
356. Let the Water run forth from che | 


E, as. in. Experiment II. of, Chap 
Let it run forth from the Hole E at th 
ſame time, as alſo frem G, ere then 
5 R thoſe, fix qe in; the Hoi 
E; ſuppoſing the Hole G to be " 
8 Hele E to be at a pri 

ter Depth from the Surface of the” Wh 
ter, the, Water Will burſt out from 
neither o them 36; ſo Scrar A Altan 

as it will, from F. e 7 
Tab. mv. From what has been ald, 4 it lon 
Fig: 4. farthers that the Water ruſhes out d 
the ſame diſtance from the Holes BI, 
which are equidiſtant: from the Centit 
C; for in that Caſe the en! 

E a ea l Loni 
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wil Ex ENIN ENT IX. Chap. 9. 
Gy) Imagine a Line perpendicular to'the 
wal Horizon to paſs from E through H, if Fg. 4. 
a HG and H E be equal the Water will 
and; ff ruſn out from both holes G and E ro L. 


5 28. 8 b b db & dk. K. d 8 5 Gb 8 . 
TS 2 5 H AP. ! « ny | 
the T * 


ow f Nuids 2 out of Veſſels 
("i and the Irregularities in that 
NI 4 | : . 
M. Motion. a 


HE Quantity of a Fluid, which 378. 


W runs out from any given Hole, 
in any given Time, increaſes as 
then iche Velocity of the Fluid; this Velo- 
Holy it depends upon the Height of the 


Fluid above the Hole; and it matters 

not towards what Part the Motion of 

the Fluid is directed :. Therefore the * 354. 

Squares of the Quantities that run out, 

are in a Ratio of the Heights of the 

fluid above the Holes. 

In the time that a Body, falling with- 

but- any Obſtacle, paſſes over a Space, 

equal to the Height of the Fluid above | 

he Hole, there runs out of the Hole 

Column of the Fluid equal in length 

0 twice this Height *. The Hole itſelf * 357, 

s the Baſis of the Column, and is gi- 134. 
| [F) Yen ; 


© 259 


$2 


TVS the. Hole be known, the whole, 
is given. The Time too is eably. deter- 
mind by rhe: Experiments of Pendu- 


4157. 


5 not exceeding 50 Feet. | 


Animal Elements 
Book II. ven: If the; Height of the Fluid above 


Column 


lums“; but when you have. once di. 
cover'd the Quantity which runs our 
in a, known Time, you can't be to ſeck 
for the Quantity that runs out in any 
given Time. 

Here we-are to take notice that the 
Reſiſtance of the Air, and the Attrition 
of the Fluid àgainſt the ſiqes of the 
Hole, do binder the Motion of the 
Fluid; and that the aforeſaid Rule doe 
not exactly take place; and that ther 
always flows gut a leſs Quantiti of the 
Fluid than is determined by it . it ap 
pears by Experiments m 7005 Water, 
that the Squares of tho Qua 
which run out at the ame Hol in equi 
Times, do ſenſibly obſerye the Propa 
tion of the Squares of Me, eh 0 


rr 


2113 10 


In Veſſels Where 8 is 0 Aflux Or 


| Supply of the Fluid, the Velo ogity there 


of is continually, alteri ing during 1 its Ef 
flux; which is to be taken notice of in 
comparing of the Times, in which. di 
ferent Veſſels are exhauſted. 

We are here conſidering, Cylindrick 
Veſſels: and, what has been ſaid d 
Them, may be apply'd to any 1 

Wat 


0 1 1 an; ** 


of Parsrore . 83 
whatſoever; that are of the ſame Breadth Chap. 9. 
from Top to Bottom; we ſuppoſe the 
Fluid ex: 0 run out at a Hole in che | 
Bortum. 

The Times in tick Cylindrick vel. 379. 
ſels, of rhe fame Diameter and Height, 
are exhauſted; by the Fluids running © 
out of unequal Holes, are reciprocally 
as theſe Holes. 

- Let theſe Veſſels be cite to be di- 
vided into very ſmall equal Parts; and the 
Parts of each Veſſel to be equal to thoſe 
of the other: when we are ſpeaking of 
very ſmall Parts, it may be imagin'd, that 
the Velocity alters not in the exhauſting. 
of one Part. The Quantity of the Fluid 
which runs out at the Hole, if theV eloct- - 
ty be not chang'd, increaſes with the Hole 
and rhe Time; that is, is in a Ratio com- 
pounded of the Time and the Hole. Now 
Correſpondent Parts of the Veſſels are 
exhauſted hen the Velocities are equal; 
and the aforeſaid compound Hatio 
takes place here: the Parts them ſelves 
too, that is, the Quantities of the Fluid 
which run out, are equal. Wherefore 
the difference of the Times and of the 
Holes is made amends for; that is, the 
Times are in the ſame Ratio with the 
Holes, but thatRatzo 1s recip cal; which 
taking place in each orreſpondent 
Part, ought likewiſe to be applied to the 
Times of exhauſt ing the Whole Veſſels. 


{F 2 When 


84 


380. 


| 
i 
; 

| 
1 
ö 


381. 


ders. Conceive again the Veſſels to be 


71. 


Mathematical Elements 


Bock II. When Cylindrick Veſſels are unequal, 
and of the ſame Height, they are ex- 


hauſted through equal Bot in Times 
which are as the Baſes of the Cylin- 


divided into an equal Number of very 


ſmall Parts; the Fluid runs out from 4 


the correſpondent Parts through equal ; 
Holes, and with equal Velocity: there. 
fore the Quantities which run out, are | 
as the Times; and therefore the cor- Il | 
reſpondent Parts themſelves, which are : 
as the Baſes of the Cylinders, are in this, t 
Ratio of the Times; but the Times of, lll 
the whole Evacuations, are as the Times. t 
in which the correſpondent Parts are i y 
evacuated, 60 5% 2 thy 
Laſtly, Let there be two Cylindrick If y 
Veſſels, whoſe Baſes are equal, but. Wh 
Heights unequal, for inſtance, as 1.t04,, MW 
and let them be exhauſted through] Wy 
equal Holes; let theſe Veſſels too be, Mi 
imagined to be divided into very ſmall WW 
Parts by Planes, parallel to their Baſes; 
and let there be an equal Number of 
Parts in each Veſſel; . the Parts will be 
to one another, as the Veſſels them. 
ſelves, that is, as x to 4: We may ima- 
gine each of the Parts to be exhauſted by 
an equable Motion, ſince we are ſpeak- 
ing of very ſmall Parts; the Velacities / 
in the cotreſpondent Parts are every) 
where as 1 to 2*; becauſe the Heights | 


"Ivory 


of theſe' Parts above the Baſes are as Chap. 9. 
the Heights of the Veſſels which are as VV 
the Squares of theſe Numbers; whence 
: it follows that the Times in which the 
I correſpondent Parts are exhauſted, are 
alſo to one another as 1 to 2 . becauſe * 355. 
2 Quadruple' Quantity is evacuated in 
a double Time with double Velocity. 

But, ſince the Times are in the fame 
Ratio, with regard to each of the cor- 
reſpondent Parts, the Times in which 
the whole Veſſels are emptied, are alſo 
25 1 tO 2. If the Veſſels are as 1 to 9, 
the Times by parity of Reaſon will ap- 
pear to be as 1 to 3, and in wb X 
the Times are as the Velocities where- 
vith the correſpondent Parts are ex- 
hauſted, the Squares of which Velocities 
ue as che Heights of the Veſſel, in 355. 
which Ratio therefore are che 3 
of the * Times. 1, 

EA ExvzIN ENT L. 

One Wee be 3 Cylindrick Veſſels of Tab. * 
fine Metal, "as a C, and B, the Diame- Kis 
ters of Whoſe Baſes are'e val, and whoſe 
Heights are as! 173 and er each of them 
have & Noten the: Bam: at which All + 2: 
the Water runs out, that is, above a 
certain He fe Which is'Took'd' upon to 


ties Ie the Height öf the Veſſel: let chete 
ery. Pe equaP 1 — in the Bottoms of the 
zuts Nelfeſs A and B, Wich are“ as r 9 5 18 


Bi let chem be filbd with Water ; 
1 (F 3] S 


I 


os Aint Elven 


Book H. 15 Holes be open'd at the ſame inſtant, 
| if the Water running out of the Veſſel B 
be receiv'd by. C, this will be fill'd at 
the Time that A is exhauſted. C contains 
+ of the Veſlel B, and no one can doubt 
4 that the remaining ath Part | 18 exhauſted 
* the ſame Time too with, the Veſſe 
therefore A is ice exhauſted 
Sag B but, once. 

The Times, in hi any Cylindrid 
V eſſels are exhauſted, are in a Rui 
380. Kompounded of the ; Baſes, * the Hol | 
* 379. reciprocally taken *, and the Square , 
* 381.. Roots. of the Heights *. A Cy Lndric 

Veſſel may be ſo divided, that - Part 
.interCpted between, the Diviſions, ſhy d 
evacuated in equal. Times; whid 
-will be PTS: Caſe, if the .Diſtances 
- rhe Diviſions, from abe Baſe be as th 
uares . of Natural Nambers, for i 
"Times of the Evacuations of ſuch Velſh 
whoſe Heights are in this Proporti 
A ar] are. as nataral:Numbers-*;-aad thei 
ferences of thele Limes axe equal. 
'The Time wherein a Cylindrick V 
"a 18 Se „is as ethe Veloci 
381 nene tYe the Fluid hegins.ro run ou 
PERS 5 5 whilſt che 5 * 
355 S . we NV ELQCLLY ed up 
* age; Reta With The Time of: e 
acyariggn,ofr that Fart f the T 
384. Tema in ther eſſol Fg and fro 
. Fluidur YOURS: put 4 bh 


92111 | 5 oY) A! 


—4 


| 


| 


- * 
* * 


382. . 


gf. Pn rs TKS. 


nt | | equal Times. 


If 4. Fluid runs bt 16#" a Cylinder, 
ind another Veſſel of the ſame Height, 
and always containing the Fluid ar the 
ubt fame Height, at Equal Holes; in the 
lted Time that the Cylinder is exhaüſted, 
ellel tere wilt double the Quantity of Wa- 
ted, ter run out of the other Veſſel, that t runs 

„ out of 'the Cylinder. For the Heights 
arial of che Veſſels being equal, the Veloci- 
Bai ties at firſt are equal; che Velocity of 
HOO che Fluid, that runs out of the Veſſel, 
qu that is continually filled, is equable, 
"ſl the Velocity of 


at 
a1ns 


ded *: therefore whilſt the Cylinder is 
txhauſted, there will run double the 
oY Wwantity of Water out of the other 
W Veſſel; that runs out of the Cylinder; 


Lela the ſame Velocity, and the firſt moves 
Porta with an equable Motion, but the ſe- 
cond with a Motion equably retarded, 

ind they move ſo lofig till- the- latter 
W has 10ſt all Motion; che former Will in 
Velo tat time deſcribe! twite che Space de- 
un du cribed by the latter“ In this Caſe the 
Fluid; Which tuns out, may be ok d 
upon as tlie Space geterided, heckp be tlic 
Holes Are equal. * 2 

"Beſides the Irreg ſarities ent ariſe 
ir om Acttition and the Refiſtance of the 
M4077 LF 4) Air; 


lind ick Veſſel, is ret: rded fly in Cha 
cyli r elle a 3 ja ay Cp 


he Fluid which runs 
out of the Cylinder is equably retar- 


bor if two Bodies be puſh'd on with 


87 


385. 


384. 


wo: 
136, 


134. 


386. 


88 


Mathematical Elements 


Book II. Air; there are ſeveral others, ariſing 
from the Coheſion of Parts, even in 


1354. 


Fluids which are not glutinqus. I ſhall 
here only ſpeak of Water: In this 1 
obſerve, that, though the Height there- 
of above the Hole continuing the ſame, 
it moves in any Direct ion witli rhe ſame 
Foree *, yet it deſcends with the 
preatelt. Velocity in a Perpendicular, 
Water in its Motion is continually ac- 
celerated by falling, it ſticks cloſe to 
that which follows it, and accelerates 
That, and increaſes the Velocity of the 
Water running out of the Veſlel. 


387. By parity: of Reaſon the Motion out 
„gf a Veſſel, having a Tube faſtned in 


Fig. 2. 


the Bottom of it, is alſo accelerated. 
Suppoſe, E to be ſuch a Veſſel, equal 
and like to the Veſſel A; and that, with 
the. Tube join'd to it, it is as high as 
the Veſſel B. Let the Tube have both 


its Apertures equal to the Holes in the 


Bottoms of the Veſſels A and B. Le 
the. Veſſels A, E, and B, be fill'd. with 
Water, the Water in the beginning d 


ts Motion Will lun gut of the Veſſel 
Band with equal Velocity, becauſe 
the Heights of che. Water aboye: the 
Holes, Which, it zuns out at, are equal 
but che. Velocity in the Veſſel E, is oon 

bated, _ becauſe. no greater Quantity 


gan run out of he ub, than what 


entegs into it at the upper Aperture; 
. 17 A 1 þ 1 : which 
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of PHYSICKS 89 
which no greater Quantity of Water Chap. 9: 
can enter, than what runs out of the 
Veſſel A. Since the Particles of Water 
ſick together, | that which runs Out 'aCs 
celerates that which enters the Tube, 
and this retards. that which runs out; 
and the Quantity of Water which runs 
out of the Veſſel E in a certain Time, 
z an intermediate Quantity, between 
the Quantities of Water which can run 
out of the Veſſels A and B in the ſame 
e ur BxXpPRRIMENT III 
The Veſſels A, E, and B, being mad 
of fine Metal according to the Propor- 
tions mention'd, let A and E be fill'd 
with Water, and the Holes being open'd 
the fame Moment, the Surface of the 
Water will deſcend with greater Velo- 
city in E than in A; on the other hand, 
if you make uſe of the Veſſels E and B, 
it will deſcend with greater Velocity 
jn the latter than in the former. 
Let the upper Aperture of the Tube, 388. 
by which. it has a communication with 

the Veſſel, continue the ſame; and let 

the lower be made larger; and a greater 
Quantity of Water will run out, and 
the Water Which enters the Tube will 

be more accelerated: And this Aperture 

may be widen'd to ſo great a Degree, 
that, without any alteration of the 
length of the Tube, a greater Quantity 

ys MY, 41 Q 
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Book II. of Water ſhall run out of That, than 
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Mathematical: Elements 


out of the Veſſel B. In this Caſerhere 
runs a greater Quantity . — 

thr the upper Aperture of the Tube, 

at ae Tee — 1 the Surface, 
than cut of an 2 Aperture at fbuf 
times the Depth. Lou may perform the 
ſame by making uſe of a longer Tube, 
Without VER the wer Aperturel 

of the Tube. 1 10 3 13 
inst O13 whe danke ae III. 10 100 
Tab. xxiv. ler there be a Veſſel F, different from 
Fig: 3. the Veſſel E in this only; that the lowe 
Aperture of the Tube in F is greater; let 
there be likewiſe the aforemention'd Vet 
fel B. The Diameters of the Hole in the 
Bottom of this, and of the upper Apertii 

of the Tube join'd with the Veſſef 

are four Lin. the lower Aperture 0 
this Tube is five Lin. Let the: Vellel 

be fill'd with Water, and let the Wate 
be let out of both at the ſame Moment 
and the Surface will ſooner: deſcend | 
ET on Veſſel Ethan in B. The Height 8 
1] Vieſſel B 18 about 16 Inches“ 5 „ 
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0. the Com e of Rivers. 


e Weine 1. 
E call a River, Water flowing 389. 
by its own Gravity, in a Chan- . 1 
nel open at the Top, a8 A, E. ; 
on DEFINITION II. 1 
ry River is ſaid to remain in the 390. 
fame State, or in a conſtant State, when 
the Water flows uniformly ; ſo that in 
the ſame Place, it is always ar ho ſame 
Height. 
DeriniTION UI. f 

The Section of a River, is called a 391. 
Plane, cutting/ a River perpendicularly 

to the Bottom, as p, o, 2, 9. 

2 — a River is bounded on the ſides 
by Planes, parallel among themſelves; 
and right to the Horizon, and the Bot- 
tom alſo is a Plane or Horizontal, or 
inclined ;' the Section of a-River, with 
I theſe three Planes, makes! right{Angles, 
andy/is a Farallelogram. ai fischen 1 


i fame Quantity of Water flows! through, 
Wejery Settion at the ſame Time. For 
unless * ay Place the ſanto? 9 


Js 829 
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In every River i a conſtant state, the * 
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Kier may be infinitely varied, and 


Book IT, of Water flows to it which flows out 
ol it, the River will not remain in the 


fame State: And this Demonſtration 
holds good, whatſoever the Irregularity 
of the Channel be; from which, in 
another reſpect, many Changes in the 
Motion of a River do ariſe: The 
waſhing and wearing of it, for exam. 


ple fake, is the greater, according to the 


Inequality of the Channel. 


E * 


he Irregularities in the Motion of 1 


Rules cannot be laid down concerning 
them; therefore ſetting aſide all Irregu- 
larities, the Courſe of Rivers is to be 
examined: For unleſs in this Caſe the 
Laws of Motion be known, a Judg. 
ment can be made of none, grounded 
upon a true Foundation. 

Therefore we ſuppoſe that Water 
fows through a regular. Channel, with · 


out any ſenſible Attrition; That the Chan. 


nel is bounded on the ſides with Planes 
parallel ameng themſelves, and verti- 
cal; and that the Bottom alſo is a Plane 
and inclingd,to the Horizon: 
Let the Channel be A E; let Water 
flow into iti from a greater Receptacle 
and remain in the Reteptacle': always 
at the ſame Height, chat the Ri- 


Ihre mayxvhe in // aioconſtant State. 


he Warary' according as the Plane in“ 
- lined detcends; isacceletared?®; by which, 


becauſe 


_ of. P EH x 8 IC. K. S. * 7 93 
becauſe of the equal Quantity of Wa- Ch. 10. 


t ter flowing through every Section“, the = 
e Height of the Water by receding from 392, 


n the Source of the River is continually leſ- 393. 
en'd, and the Superficies of the Water 
n will obtain the Figure 144. 1733 
Ic To determine the Velocity of - the 
e water in divers Places, let us conceive 
„ I the opening of the Channel A, D, C, B, 
e to be terminated, with a Plane: If the 
bine be perforated, the Water will flow 
: more ſwittly out of the Hole, the more 
u Wit is diſtant from the Superficies of the 
's vater HI; and the Water will have 
1 the ſame Velocity which the Body, by 
alling from the Superficies of the Wa- 
ter to the Bottom of the Hole below 
h acquires “; which arifes from the * 57. 
freſſure of the Water lying above. 
Tiere is the ſame Preſſure, that is, the 
me moving Force, when the Obſtacle 
n A, C, is taken away; and then one ſmall : 


n. 5 
« Motion of Water enters the Channel 
ti. With the Velocity which a Body ac- 


quires, by falling: from the Superficies 


" Arche Water to the Bottom of that 
ee Notion of Water. This Part, accord- 
le Die to the Plane inclin'd, is moved in 
ese Channel, and the Motion of it is 
Ti- quick ned and indeed in the ſame man- 
de. er, as if by falling vertically it bad 
im etinued its Motion to the ſame Pro- 


indity below the Superficies of the 
13 —_ Water 


E 


394. 


94 


which is the Ve 


Mathematical Elements 
Book II. Water in the Riſe of the River“: 50 


that if the Horizontal Line i, t, be 
drawn, the Part in r will have the ſwiſt- 
neſs, which the Body by falling by i C, 
and devolving by Cr, can acquire; 
whit | 2 acquired by the 
Body in falling by t, r. Therefore the 
Velocity of the Part is meaſured ever 
where by drawing from it a Perpendi 
cular Line to the Horizontal Plane, 
which is conceiv'd by the Superficies of 
the Water in the Source of the River, M 
and the Velocity which the Body a te 
quires by falling through this Perpen-W ;. 
dicular, will be the Velocity of the Part, MW y. 
which is the greater according to tle tie 
greater Length of the Perpendicular. IM, 
any Point ry, let the Perpendiculx 
(rs) be drawn, meaſuring the Height 
the River, when (75) is inclined to tie 
Horizon ; if from the ſeveral Points 0 
this Line to (it) Perpendiculars be 
drawn, they will be the ſhorter, ty 
how much the more diſtant from (7) 
and (v) will be the ſhorteſt of al. 
And therefore the Velocity of the Patt 
in the Line (RS) are ſo much the [th 
by how much nearer they come to th 
Superficies of the River, and the Wi 
ter below is moved with more Veloci 
than that above, . 
Nevertheleſs, the Velocities of tht 


Waters in the Progreſs of a River a 
| tinual 


i. of Pu x$10KS (4 9 
„ tiovally. come nearer to an Equdlieps C Lo. 
0 benen of theſe Velacities are: 
© Has). #0: (s v) the difference of which: 
05 by receding from the: Source of 
Ohe River, is continually Aiminiſhed; | 
ö becauſe of the Altitude“ (r) being 393. 
ſeſſen' d. while the Lines thernſelves are; 
he I ;ncreaſed. Which holding good in the 
Squares, it much more takes place in 
the Velocities themſalyes; the anferencr 
ne, I whereef, is therefore alſo diminifh'd 
J while, they increaſ .,. abby 2s 
„ Ik the Inclination of the Battom it 396. 
the Source of a River be changed as. 
WY is (Z.) and +8: greater Quantity of 
art, Water flows into the Chandeli ul be 

th the higher every where in the River; 

ug but the Velocity of- the Water is not 
cul changed in any: place. For this Velo- 
ity - does not depend upon the Altitude 
of the Water in the River; but, às is 
lemonſtrated, upop the Diſtance be- 
ween the Particle moved, and the Ho- 
izontal Plane, paſſing through the Su- 
perficies of the Water, in the Source 
of the River: which Diſtange is mea- 
lured” by a Perpendicular Line, as (rr) 
or (% ; but theſe are not varied by 
an Afflux of the Water, if t the Superfi- 
cies of the. Water do on remain in 
the Receptacle. 

Let the upper Part of a Channel be 397. 
hut up by an *Ohüncle, as X, which 


how 
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WY WV Superficies of the Water, all the Wa. 


% 296. 


ter which flows to it, cannot flow 
N of it, therefore it will aſcend: 
but the Velocity of the Water is not 
thereby increaſed below / the Cataract 
and the Water is immediately accumu- 
lated; which therefore ſo aſcends, that 
it flows over the Impediment or Banks 
of the River; but if the Banks be ele. 
vated, and the Impediment continued 
the Altitude of the Water will thcreaſ 
above the Line (it); for before, th; 
Velocity of it cannot be increaſed. 1: 
which: Caſe the Altitude of the who 
Water will be increaſed in the Recep 
tacle: For when we ſuppoſe a Rive: 
in a conſtant State, it is neceſſary that 


- ſo much Water ſhould immediately floy 


from. another Place into the Receptacle, 
as flows: from that Receptacle into the 
River. But the Quantity of Water 
flowing down being leſſen d, the Ali. 
tude is neceſſarily increaſed in the Re 
ceptacle, until the Velocity of the Wa 
ter flowing below the Obſtacle is ſo in- 


creaſed; that the ſame Quantity of Wa. 


ter below this Obſtacle paſſes through, 
which, before the ſuppoſed Cataract 
flow d through this Section of the River, 
All theſe things, as we have alreadj 
adviſed, ſetting aſide all Irregularitie 
are true; and the leſs the Irregularitie 
are 


.Sa. oy I oy. 


f_ a A oa. cc SS 


preſerving the fide CA of the Quadrant 


| lun, by three Powers: It endeavours 


Motion of the Water; and at length is 
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that a true Judgment may be given, 


it is neceſſary that we may be able t 


compare the Velocities of the Waters 
by Experiments, and ſo to determine 


thoſe very Velocities, that the Spaces run 
through in a certain time may be Ciſco- 


vered. 


are; the, more their true Methods agree hu 207 
with what we have faid ; of which, Wy 


Let a enen * a Circle be A c B, 398. 


divided into Degrees; let a String be Tab. xxv. 


Fig. 2. 


annexed to it in the Center; to the other 
End is faſtned the Globe PB! hich 1$ 
heavier than Water. 

A Globe is plunged i in foray Water, 


in a vertical Scituation ; the Globe is ſo 


ſuſtained by the Motion of the Water, 


that the String P.C, with the fide C A, 
conſtitutes the Angle PCA, by help 
of which the Velocity of the Water fal- 
. upon the Globe is diſcovered. 
The Globe reſting in the Water is 


to deſcend: vertically by its own Gra- 


rity ; it is carried by the Action of the 


Liquid, according to the Direction of the 


drawr by the String through PC. Let a 
Triangle be formed E FG, in which E F 
denotes the vertical Line; with this let 
the Line F G, make up the Angle EFG, 
equal to the Angle tormed by the Di- 
[G] reection 
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Mathematical Elements 


Book II. rection of the Motion of the River 
Wow with the vertical Line; at laſt let the 


® 224. 


fore EF denote the reſpective Gravity 


that is at reſt ;; or whether, on the con- 


tive Gravity of the Globe, as FG and 


Angle GEF be equal to the Angle 
PCA. The Sides of the Triangle EFG 
are parallel to the Directions of the 
three aforeſaid Powers; thoſe Powers 
therefore are as theſe Sides *. If there- 


of the Globe, F G will expreſs the 
Action of the Water upon the Globe, 2 
If, according to divers Experiments I it 
made in ſeveral Places, by uſing the th 
ſame Globe, fuch Triangles are delinea- ca 
ted, the Side E F remaining, (and de- 
noting the reſpective Gravity of the ſet 
Globe, which is not changed) the Sides, ſlit 
as FG, will keep between themſelves III 
the Proportions of the Actions of the 
Water upon the Globe. And theſe are 
as Squares of the Velocities of the Wa- 
ters, in the Places in which the Expe- 
riments are inſtituted *: For it matters 
not, as to the Action of the Water upon 
the Globe, whether this is moved and 


trary, the Water is moved, the Globe 
reſting. * 8 
The Action of the Water upon the 
Globe may be compared with the 
Weight of it: For it is to the reſpec- 


BF. 
And 


of PRHTSICRS. 99 
And this Action equals the Reſiſtance Ch. 10. 
which a Body ſuffers when it is moved. 
I chrough ſtill reſting Water, with the 4. 
| fame Velocity with which the Water. 
I fowing now falls upon the Globe at 
reſt, From the Weight known, avail- 
ng as much as Reſiſtance, is diſcovered 
> || what Space, by the Velocity with which 
„ Ja Body is moved, may be run through 
s in a certain time *: and therefore, in 336: 


» M4; 


« through a Place granted by Magnitude 
es in the Section of a River. 1 

he We muſt obſerve, that this Determi- 

re Nation of the Velocity of Water does 

72. Not proceed well towards the Super- 

icies of the Water; becauſe the Action 

ors f Water upon the Globe, is there irre- 

on {var *. This Velocity may be diſco- 32g. 
ered by immerging a Body in Water 
little lighter than the Water which 
ieks towards the Superficies, and does 
not ſufficiently exceed it, that it may 
e affected by the Motion of the Wind: 
hereas, the ſpecifick Gravities of Wa- 
er and the Body ſcarce differ; and this 
ay be accounted for the whole thing 
mmerſed. It will be moved by the 
ame Velocity with the Water, and 
he Time may be meaſured by the 
I [G 2] help 


401. 
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100 Mathematical Elements 
Bock II help of a Pendulum, while the Body 
V runs through the Space before meaſured. | 
When the Superficies of the Water is 
agitated by the Wind, the Experiment 
will not proceed well; becauſe of the 
Waves, by which an Irregularity in 
the Motion of a Body is occationed. 


" \ 1 * j * 
r. — * = 
AFC 
t „ 5 


| | 

CHAiartM | 

Of the Motion of Faves. | 

402. P Superficies of {till or ſtand: . 

Tab. xxv. oy * ing Water is plain and“ parallel 
g. 3 n = ts 4 # C44 

1 — to the Horizon, 11 this from any ( 

T7. Cauſe become hollow in A. This C. 

yity is ſurrounded by the Elevation © 

BB: This elevated Water deſcends bh * 

. its own Gravity, and defgending by t 

the Velocity acquired, forms a new CM * 

vity, by Which Motion che Water * 

aſcends to the Sides of this Cavity, v 

and fills the Cavity A, while: a new d 

Elevation is farmed towards C. Wit 8 

this is depreſſed, the Water aſcenc f 2 

afreſh towards the ſame pant 15 fro Is 


whence ariſes Motion in the, Jupericisl 
of the Water, and the Cavity,carryugll ” 
before it an Elevation, is moved iron a 


A towards C. 5 


*** 


DE 


| which 1s aga 
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DEFINITION I. „A bx. 
This Cavity, with an Elevation Jon. MIND 
70 ir, is called a Wave. „ 
| B Ae ay 

„The Latitude of a Wave, i. the Space 404. 
e up by a Wave in the Super flicies 
of the Water, and meaſured according 
to the Direction of the Motion of the 
Made. 5 
The Cavity, as A, is lacan on 
every ſice with an Elevation, and the 
aforeſaid Motion expands itſelf towards 
all the Parts: Waves, therefore, are mo- 
ved by a Circle. 

Let the Obſtacle A B be given, into 405. 
which a Wave, the Source of which is Tab. xxv: 
in C, may run; we muſt examine what s.. 
Change the Wave ſuffers. in any Point 
whatſoever, when in this Point it comes 
to the Obſtacle. In all places througli 
which the Wave paſſes, while it runs 
through its own Latitude, the Water is 
elevated, then a Cavity is formed, 
in filled ; which Change, 
while the Superficies of the Water un- 
dergoes, the Particles of it come and 
go through a little ſpace: The Direction 
of this Motion is by C E, and the Ce- 
lerity of it may be repteſented by this 
Line. Let this Motion. be conceived 
to be reſolved into two others, G E 
and DE 3'the Velocities of which are 
W by theſe Lines reſpectively. 192. 
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Mathematical Elements 


Book II. By the Motion through D E, the Parti. 
cles don't act upon the Obſtacle, and 


* 
4 
- 


continue their Motion with the fame 
Velocity after daſhing, according to 
this Direction; and this Motion is re- 
preſented by EF. Suppoſing EHF and 


E D equal to one another, upon Mo- 


tion by G E, the Particles daſh directly 
upon the Obſtacle, and this Motion is 


. deſtroyed *: For altho theſe Particles 
be Elaſtick, when in the Motion of 
the Waves they run over a ſmall Space 
in going and returning, yet they are 


moved ſo ſlowly, that from the daſhing 


of a Particle the Figure cannot be 
_ changed, and they are ſubject to the 
Laws of Bodies perfectly hard. But 
the Reflection of the Particles is grant. 
ed from another: Cauſe: The Water, 
which cannot proceed beyond the Ob- 


ſtacle, and is driven on by the Water 


following, gives way towards that part 
in which there is the leaſt Reſiſtance, 
that is, it aſcends, And this Elevation 
ariſes greater than in other places from 
the Motion by G E, becauſe. by. this 
Motion alone, the Particles: come to the 


Obſtacle. By defcending, the Water 


- acquires that Velocity With which it 
6- | 1 5 
Was elevated; and with the ſame Force 
the aqueous Particles are repelled by 
the Obſtacle, according to the Direction 
EG, with which they came to the Ob. 


ſtack. 
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ſtacle. From this Motion, and the Ch. 10. 
Motion aforeſaid by E E, ariſes the 
Motion by EH; the Celerity of which 
is denoted by the Line E H. equal to 
the Line CE, and by Reflection the 
Velocity of the Wave is not changed: 
and this returns by EH in the ſame 
manner as if the Obſtacle being re- 
moved, it had continued its Motion 
by Eh. Tf from C the perpendicular 
Line CD be drawn to the Obſtacle, and 
this be drawn out in length, and De be 
made equal to CD, the Line H E con- 
tinued will paſs by c. And ſince this 
Demonſtration proceeds in all Points of 
the Obſtacle, it follows, That the Wave 406, 
reflexed has the ſame Figure from this 
part of the Obſtacle, which it would 
have had beyond the Line A B, if it 
had not run into the Obftacle. If the 
Obſtacle be inclined towards the Hori- 407. 
zon, the Water aſcends above it, and 
deſcends and ſuffers Attrition, whereb 
the Reflection of the Wave is diſturbed, 
and very often wholly deſtroyed. This 
is the Reaſon why for the moſt part the 
Banks of Rivers don't reflect their 
Waves. 58 
When in an Obſtacle, as B, a Hole is 
given, as I, the Wave which paſſes 
through this, continues its Motion di- 
rectly, and expands itſelf towards QQ, 
and a new Wave is formed, which is 

1 9 moved %, 


408. 


1 Mathematical Elements 


Bock II. moved by a Semicircle, the Center of 
v which is the Hole. itſelf, For the ele- 
vated part of the Wave, which firſt ! 
paſſes through the Hole, preſently flows || | 
a little to the Sides, and then by de- 
ſcending forms a Cavity which is ſur. } ( 
rounded on every fide With an Eleva- 
tion beyond the Hole, and which is 
moved towards all the Parts in the ſame e 
402. manner, as we ſaid * of the Genelis or Ne 
Production of the firſt Wave. 0 
499. In the ſame manner alrogether, the 0 
Wave to which is oppoſed an Obſtacle, 
as AO, continues its Motion between 
_-—_ N. but it expands itſelf towards 
R, through part of the Circle, whoſe 

Center is not much diſtant from O. 
410. From theſe things, the Motion of 1 
Wave behind the Obſtacle, AS M N, 5 
eafily deduced 5 

. 2 are often besen the 
1 tion of 4 N Bod), hte all 
ecepand themſelves by a C 2 alrhough 
the Body go and return by 4, right 
Line: For the Water elevated'by- Agi 
tation forms a Cavity by ere 
which is ſurrounded on every __ by 

an Elevation. 

nk” © Divers Waves- dont nruuly in 
tbuunſelves, while. they are mbved - Ur 
coraing Yo- dier? Direttions': tlie rea- 
ſoo of which Effoct is, chat Whatever 
P. igure the'Supertickes of the Water ob. 


290 tained 


Wee D. ny 


f 1 * the Motion of the Wave, Ch 11. 
"a . this' Elevation and Depreffion;-may WW 
t be granted, as alſo ſuch a Motion as is 

'S required | in the Motion of a Wave: 

. Whoever duly confiders the Motion 

= || Waves, ſees all theſe things to age 

a- wil the Experiments. 

is | That the Velocity of Waves may be 413. 
determined, anotlier Motion is to be 
examined, analogous with the Motion 

of them. Let a Liquid be given in 4 fab. xv; 
Cylindrick curved Tube E H, and let Fig: Yo 

| the Altitude of the Liquid 'in the Shank 

EE, exceed the Altitude in the other 

Shank in the Quantity L E. which Dif- 
ference is to be cut into two equal Parts 

in (5). The Liquid deſcends by its own 
Gravity in the Shank E H, while it 
eually aſcends in the Tube E H; and 

ſo when the Superficies of the Liquid 

Ms comes to (i) it is given at the fame Al- 

4% Nitude in both Shanks; and in this Si- 

gh tuation alone can the Liquid' be at reſt: 

right N but continues its Motion with the Velo- 

App Ncity acquired by deſcending, and aſcends 

ding, che more in the Tube G H, and is de- 

t by Ipreſſed in E E, as far as (1) unleſs as the 
Motion of it is diminiſhed” by the At- 
trition of the Tube! The Liquid mere 
elevated in the Tube G H, deſcends 


uſo by its Gravity, and fo the Liquid 
ever Nin the Tube goes and comes, till it hath 
er ob. lo all its Motion by/Artrition,! — 70 


The 


106 Mathematical Elements 
Book IT. The Quantity of the Matter to be 
moved is the whole Liquid in the Tube; 

the moving Force is the Weight of the 
Pillar (E, whoſe Altitude is always 
double of the diſtance of E i, which 
diſtance, therefore, with this moving 
Force increaſes and is diminiſhed in the 
ſame proportion. But the Diſtance E. 
is the Space to be run through by the 
Liquid, that it may from the Situation 
of E H come to the Situation of Reſt; 
which Space therefore is always as the 
Force that continually acts upon the 
Liquid. But from this Reaſon we have 
demonſtrated all the Vibrations of a 
Pendulum, moving up and down in a 
* 156. Cycloid; are of equal Duration; and 
therefore in this Caſe, whatever the In 
equality of the Agitations be, the Liqui 
almays goes and comes in equal time. : 
Ihe lime in which the Liquid ſo g. 

414. tated: aſcends or deſcends, is the time in 

which the Peudulum is ſhaken ; the Lengii 
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fion,: 1 egal to the balf Length of the 
Liquid in the Tube, or the hal 


EE 


_ Longitude is to be meaſured in the Ati 
of-the Tube. - -.- . 


« - * 


a 4 


Tab. ur. Let this Pendulum be ſhaken in. 
"2:6 Cyploid by the Method explained a 
bove, (Bock I. Chap. 19. Exper. 1 5 
| 1 _ 4 | " . : e 


— 


| F EAT SICK Sn 7 
The Pendulum P C, and the Arch Ch. 42. 
; | A D, are of the ſame, Length; for 
e | the Arch CA, is equal to the Arch | 
s | AD, and the String of the Pendu- 

h lum agrees with that, when the Bo: 

dy is joined with the String; in A: In 
ae this, Point the Direction of | the; Curve 
Line is perpendicular to the Horizon, 
he and the Body, with all its Weight, en- 
on © deavours to deſcend according to the 
Curve. Now this Weight is to the Force 
againſt the acting Body, ſuppoſing this 
the in P. as A D, or PC. to PBH. Now 
let the Liquid in that Scituation, as 
iE, Fig. 5. be equal to P D, the 


„„ . — 


i; D's | 
Weight of the whole Matter to be mo- 
ved,, that is, -of,the.; whole Liquid, is to 
the Weight LF, Which is the F Orce in 
this Scituation acting upon the Liquid, 
s the Length of the Liquid in the Tube 
%s to the Line IE. In which Propor- 
me tion allo: are the Halves of theſe Quan- 
engl tities, that is, PC and PD, Fig. 6. In 
teen a Pendulum therefore the Weight, of 
alpen. the Matter to be moved is to the Force 
King upon it in P, as in à Tube the 
Weight of the Matter to be moved is 
o the Force acting upon it in the Scitua- 
tion of E H. Therefore the pendulous 
Body, and the liquid Body, are driven 
n upon this Occaſion with equal Pow - 
s, and that obtains every where, when 
he Spaces to be run through by the 
Liquid 


* 156. 


1 * * 
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108 Mathematical Elements 
Bock. II. Liquid im Agitation, and by the Body | 
n Vibration, are equal. Therefore, in 

this caſe, Agitation and Vibration whe 
| finiſhed in the ſame time, and not only 

5413. in this caſe; but always * But ſeeing 

ho the ſwall Vibrations in a Circle 
dont differ from the Vibrations in a Cy- 
cloid ;''the Demonſtratſon "ought allo, to 
have relation to them. ˖ 
5 BEE 410? 
Let a Cylindrick Curve Tube of Gli ; 
be given,”ass EFGH; lee the Longitude If * 
of ies Shanks be one Foot, and the Diz- 
meter of the Cylinder half an Inch; let 
Mercuty be . — into a. Tube, and 
makifig a Pendukm, the Longitude of 
which may equal the half of the Lon- 
gitude of- the! Cylinder of the Quick: 
flver in the Tube, if the Quickſilver be 
agitated in the Tube, it aſcends and 
deſcends here at the ſame times in which 
the Pendulum Boes and retums by Oel. 
Iation? . 1 1.1.51 FT. 
Tab, ar. That we may geterinilile the Veloay 
Fig. 7. of the Waves from what has been ſaid, 
divers equal Waves, and immediately = 
following ene another, are to be conf 7 
dered as B, CD; EF, which are' mo- | 
ved from A towards F. The Wave AB 
runs through its Latitude when the Ca- 
vity A comes to C; which can't be 
done, umeſs the Water in C aſcends 5 


— 
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the Altitude of the Tops of the ins Ch. 4 3 
and deſcends again to the Protundity as 
C: In which Motion the Water is not 
ſenſibly agitated below the Line-{h 4). _ 
Therefore this Motion agrees with the * 
aforeſaid Motion in the Tube, and the 
Water aſcends and deſcends, that: is, 
theWave runs through its own Latitude, 
while the Pendulum of half the Longi- 
0 tude B C performs two Ofcillations * ; * 
ze No vhile the Pendulum of the Longi- 
i; 5 BCD, fourtimes desde the for- 

is once ſnaxen * 158. 

"Therefore the. Velocity of a . 

nds. upon the Longitude of the Line 
BCD; which for the greater Latitude 
of the Waves, and aſcending to the 
greater Profundity, to which the Water 
deſcends in the Motion of the Waves, is 
the greater. 

In broader Waves, which are not 
highly elevated, the Line, as B C D, 
ſcarcely differs from the Latitude of the 
Wave. and in that caſe, the Wave runs 
over its. Latitude, while the © Pendulum, 
2 to KS Latitwde, 4 . | _ An 

cillation. N every Motion 
the Space run throug —— both in 
Time and Velodiry; wherefore, by 
multiplying Time by Velocity, the Space 
run through is given: whence it fol- 
FY tows, that the Velocities of the Waves 
Ware as the Tquare Roots of their book 

tudes. 


ö A TW 


315. 


110 Mathematical Elements, &c. 
Book II. tudes. For ſeeing that the Times are 
in this Proportion by which they run 


416. 
* 158, 


415- 


\ 


through their Latitudes*, the ſame Pro. 
portion is required in the Velocities of 
them, that the Products of the Times 


by theſe Celerities may be as the Lati. 


tudes of the Waves, which are tlie Spa- 
ces run through. 1110 5 

All theſe things are only to be accoun. 
ted as moſt probably true, becauſe the 
Motion of the Waves differs little from 
the Motion in the Tube; which Error 


nevertheleſs is in part compenſated, be. 


cauſe the Longitude of the Pendulum 
may be meaſured according to the Lines 
inclined BC and C D. 
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PART II. 


Concerning Fluid Elaſtict 
1 Air. 
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That Air has the R eties of 
Huid Bodies. 


DE have often ſpoken of Air, 

1%, ſccing that we live in it, and 
are always ſurrounded with 
it, in many Experiments, to 
Aa bobbſerve the Effect of it, as 
n we adviſed before; but new its Pro- 
ON prieties come to be examined particu - 


_ 
Air 
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Tz Mathematical Elements 
Book IT. Air is corporeal, heavy, the Parts of 
it yield to any Impreſſion, and are moſt 

417- ealily moved among themſelves; it 

pr according to irs, Altitude, 
the Preffure is equa} towards all 
and it's manifeſt that it to be reckoned 
among Fluid 8 71 
DzxixI KIR 1. AI 
418. Al Air, with which the Earth ts ia 
raunded, being cauſider d together, is called 
the Atmoſphere of the Earth, or "IN mph 

the Amy nere.“ R 
2% ee , . 
' titude 0 Air above the &. 
NJ ber fiery be . Eb . called the Alt 
tude of the Atm 8 
420. That tbe Air © is Oo follows 


* * — » = 
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421. It anc be called fl era by nc 
as. 7 ta ny "tap 
2 U that the "Pare "af it. "a aſl mm 
_— ZZ RAB 1 

It is alba to be "FS becauſe i 
preſſes upon; the Superficies of othe 
Fade and ſupporrs them in the Tubes 

7 1 IEXNPPE RAX/M/E: NT I. "an 
. Xxvi. ; — Tube AB, be il 
8  boutithre& foot long, and the Diametd 
of. whüſe Cavity is the foutth- part of: 
4Snol;-1f: the Extremity; A be ſhut u 
and the Tube filled with Quickſilue 
=, "© an 
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q ity 
int 


ofoart 8166.6... 113 
and ub Extremity be imimerg ged Ch. . 12, 
in the, Yeſdel,V,. containing! the Quick NN 
flyer ;-the- Ds will be Supported 
to the height of about. nine and twent 
huebes. This Hi ly rom the Preſſure + 
the Air) upon the perde of the Quick 
fler in the Veſſel, which, cap't be preſ- 
led, equally every where, unleſs in the 
Tube, which has no Air in it, bee, pa 
Column. of; Mercury, which en FE 
peuſſes wich external, Air. 274 
Ex PERIM ENT . 
Leſt this Preſſure ſhould, be changed 7 Tab. _ 
hen the Tube is inclined, it is re- 
red that the Quickſilver keep W 
me vertical Altitude: If dancers o —_ 
tvs. Veſſels be given, containing the 
Pickſilver in which the Tubes, as, is - 
pid, are immerged, whereof E D is in- 
Tel to the Horizon ; the Quickſilver 
ſupported to the Altitudes 0 F) and 
g) ſo that f and g are in the fame Ho- 
Iontal Line, ſuppoſing the Superficies 
i f the Quickſilver in the Veſſels are in 
ſe ſame Plane. 
| 1] , EXPERIMENT III. ts 
This lame Preflure of the Air ſupports Tab. ** 
> Water in the Glaſs V, which is im- Fi. 
Need! in the Water, and Flled with it : 
Wien it is extracted, the Orifice remaining 
Wnmerged. 
In the ame manner, the Water would 423; 
Pe ſu ſta ined, altho' the Altitude of the 
[H - . * Glaks 
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Book II. Glaſs ſhouldequal: two and thirty Foot, | 
For Quickſilver, By its ' own ſpecifick 
Gravity, exceeds the ſpecifick' Gravity 
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ot Water fourteen times; and the a. 
queous Column exceeding two and thir- 
ty Foot, preſſes equally with the Column 
of « Quick wet of nine and twenty Inches; 
which Preſſure is equivalent to hog Pref: 
ſure of the Atmoſphere. 

It may be moſt eaſily deduted, From 


what has been ſaid; That hz "Preſſure of 


_ the Air depends upon the Allitude of it, 


bat is immediately proved, by tranſ: 


ferring the Tube, with the Quickfilver 


lately mentioned, into an elevated place: 


for the Quickſilver deſcends the eighth 


* 


425» | 


part of an Inch, according to the Alti- 


rude of an hundred Foot, to which the 


Machine is elevated. 

It is manifeſt,” that the Air preſſe 
equally towards all Parts, becauſe the Preſ 
ſure of it is ſuſtained by ſoft Bodies 
without Change of Figure, and by 
brittle Bodies without Diſruption. "Tho 
this Preſſure equals that of Quickſilver 
as the Altitude of twenty-nine Inches, 
or of Water, as the Altitude of thirty- 
two Foot“; who does not ſee, that no- 
thing but an equal Preſſure on every 
fide aforeſaid can preſerve the Bodies 
untouch d? And it is * manifeſt, that 
this Prefſure does perform that ; for by 
taking the Air way in cn2 part, the 
q Preſſure 


my 92 nan, mb Ed und. , . I een 


and downwards. 


ef, ur sies. 


* 57 


pigs is ſenſi ble on [the N ite &. 12. 


park N 1er! 
* 
tan 


tis a ET TW be dong to one of Tab. 


the Scales of a Balance cloſed in D, 8 
the length of about three Foòt; let this * 
be filled with Quickſilver, and the Ex- 
tremity E immerged in Quickſ ver, con- 
tained in the Veſſel V. The Quickſilver, 


by the Preſſure of the Air, is ſupported 


to the Altitude f, and the ſuperior part 
of the Tube f D is left void of Air: : that 


an Equilibrium may be given to the op- 


polite” Scale, a Weight equal to the 


Weight of the Tube and Quickſilver 
contain 'd in it, is put into it. The 


Mercury in the Tube cannot weigh a 
Pound, for the Action of it upon "the 
Sides of the Tube is horizontal; but 


the Air acts upon the ſuperior part of 
the Tube, and the Column which is 


ſupported by the Tube, is equal with 
the Column of Quickfilver contained in 
the Tube. If Air be admitted, by re- 


moving the Quickſilver, the Tube alone 


weighs a Pound, which proves the Ac- 
tion of the Air upon the inferior Super- 
ficies of the ſuperior part of the Tube, 
to deſtroy the Action upon the exterior 
Superficies of the ſame part of the Tube, 
and that the Air preſſes r Oe 


(u! 1 
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Book By t is] x periment alſo are confirg md 


the Grayity o 


it. 


V thoſe things 2525 ſaid er 
I's; Abl 5 72 


Wee 
„ e A F. XIII. 
21. the Elaſticity. of the” UA. 


AT E have ſeen that the Air has the 
proprieties of other liquid Bo- 
Mos: | beſides theſe, it has a peculiar 
one, and it can take up i greater or les 
Place, a as it is compreſsd by, different 


| Force; and as ſooh as this Force is di- 


miniſh'd, it expands itſelf. Now be- 
cauſe of the Analogy of this Effect 
with the Elaſticity 0 Bodies, this Pro- 
priety of Ait is Fal the Elaſticity of 


I is. maniſeſf, that the Air. may be 
compreſſed, LA: the Experiment already 
mention d. 
It is provd by the following Expe: 
e that the 12 may be dilated. 
Ex DERIMENT J. 

Let the Tu be A B be given, Thut j n 

5, let Quickſilver be poured into it, ſo 
that Air may be leſt in the Tu be, 
which in the State of external Air takes 
up the Space Al. 1 the Extremity c of 


Yi! i 
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the Tube B be immerged in the Quick. Ch. 13. 

flver, the Quickſilver will deſcend to g, SWV 

and ſtick there, The Altitude (i g) dif- 

fers much from the Altitude of the 

= I Quickfilver, in Exper. I. of the fore- 
going Chapter, which does not ariſe 

I from the Weight of the Air in the 

1 Tube; for this Weight is too ſmall to 

produce à ſenſible Difference in the 

Altitude of the Quickſilver: The Ex- 

* of Air 1s the Cauſe of this Ef- 

ject. 

From this Experiment we deduce this 429. 
Rule, That Air ſo dilates itſelf, that the 
Space talen up by it is always by Inverſion, as 
the Force with which it is compreſſed. © 

The Force, by which the Air is com- 
preſſed, in the State of exterior Air, is 
the Weight of the whole Atmoſphere, 
which is equal to the Weight of the 
Column of the Altitude of the Quick- 
4 filver bf, (Big. 1.) therefore. this com- 
dy WW preſſing Force may be expreſſed by this 
or ens. The Space taken up by the 
pe- Air in the Tube, when it is N 

with ſuch a Force, i 
: But in the laſt Experiment, the Preſ- 
n F ſure of the : Atmoſphere produces two 
Effects; it ſupports the Column of 
de, Quickſilver z 1g and reduces the Air in 
ce F the Tube in the Space g Au If the 
of Force by which the Quickſilver is ſup- 


* U 3] ported 


118 


Mathematical Elements 


Book II. ported at the Altitude (g) be taken a: 
may from the Preſſure of the whole At 


Tah. xxvi. 
Fig. 5. 


moſphere; that is, if the Altitude g 
be taken away from the Altitude FF 7; ; 
there remains a Force whereby the Air 
is compreſſed, in the upper part of 
the Tube. And this Difference of the 
Altitudes of the Mercury bf and gz 

is always to bf as Al to Ag; that 
is, their Powers are invertedly as 
Spaces. 

This Rule holds good in Air com- 
1 | 

EXPERIMENT. II. 

Let the curved Tube ABCD be 
given, open in A, and ſhut in D; let 
the part B C be filled with Quickſilver, 
ſo that the part CD may contain Air in 
the ſame State with external Air: theres 
fore the Force compreſſing is the Co- 
lumn of the Quickſiver, Whoſe Alti- 
rude, is , (Fig. 1.) and by this Alti- 
tude, this Force is ſigniſy'd, as in the 
faregoing Experiment: Hut the Space 
taken up by the Air is C D. Let Quick 


ſilver be poured into the Tube A B, that 


1 may come to g, the Air will be re- 
dduced in the Space D; the Force com 
3 g now avyails as much - us the Co- 

'o6:the Altitude of the Quickſilver 
fg; as alſoæbhe Preſſure of the exteroal 
e 1 at the Quick. 


ſilver; 


ſilv 
ol 


flver ; this Force is denoted hy the Top Ch. 13. 
of the Altitudes 7 g in this Figure, and VV 
F in Fig. 11 This Top is always to 
þ f, Fig. 1. as CD to D, and their 
Powers again are by Inverſion as Spaces. 
The Elaſticity of the Air is as the Den- 330. 
fity of it; for this is invertedly as the 
Space taken up by the Air *, and thete- 289. 
fore as the Force compreſſing the Air“; 429. 
which is equal to that Force, by which 
the Air endeavours to expand itſelf: and 
this is the Elaſticity of it. | 
From theſe things it follows, that the 
Air in which we hve, is reduced to that 
Denfity, which it hath near the Earth, 
by the Preſſure of the Air lying upon 
it; and that the Air & more or lefs 
compreſſed, according to the greater or 
leſs Weight of the Atmoſphere: from 
which Reaſon alſo, the Air is lefs denſe 
upon the top of a Mountain than in a 
Valley, for it is compreſſed by a leſs 
How far this Prapriety of expanding 
extends itſelf, is not evident; and it is 
very probable, that it can be determined 
. by no Experiments. Nevertheleſs, by 
5 the following Experiment, if it be com- 
i pared with the Experiment of Air com- 
| preſſed in a Pump-, it will be manifeſt, * 14. 
| that. the Air takes up a greater Space by 
twenty thouſand times in one Caſe than 
in anechevv. all 
305. [H 4] Ex PE- 


120 Mathematical Elements 
Book Il. Expire nnTm IL: : 
Let the Glaſs Veſſel AB, about the 
Fig. . Altitude of fourteen Inches, be exactly 


filled with Water; in the Extremity B, 
let a brazen Cylinder be annexed to it, 
as that by the help of the Cochlea or 
Skrew it may be joined with the Pump, 
which is ſeen in Fig. 6. Tab. xxix. By 
pulling out the Embolus or Sucker of 
the Pump, the Water deſcends into it 
by Gravity, and the Place in the upper 
Part of the Veſſel is rendred empty of 
Air and Water. The Aerial Bubbles, 
which are contained in the Water, bein 

now leſs compreſs'd, becauſe the Air 
does not act upon the Superficies of the 
Water, expand themſelves, and aſcend 
to the Superficies of the Water. In this 
Motion the Bubbles are accelerated, ſo 
that they cannot be diſtinctly ſeen; near 


the Superficies, becauſe of the ſwift Mo- 


tion; they are alſo increaſed in aſcend- 
ing, and by comparing the Diameter of 
a Bubble tdwards B, with the Diameter 
of it When it comes to the Superficies of 
the Water, but it is far enough diſtant, 
tlat it may be ſcen diſt inctly, at the 
leaſt the Diameter in this Situation is 
Jour; times as much. 3. ov bee 
The upper Part of the Glaſs, as we 
ſaid is alrogether void of Air j for. the 
Imall Quantity of Air continually paſ- 
ling out of the Water, is not to be con- 
41 22 Ss 5 © ſider'd: 


— 


ſider'd: Therefore the Aerial Bubbles Ch. 13. 
about B, at the Profundity of a Foot be- WWV 
low the Superficies of the Water, are com- 
preſſed by the Water alone lying above 
them; which Preſſure is to the Preſſure of 
the Atmoſphere, as one is to about thirty 
two. In which Proportion alſo is the 423. 
Space taken up by the Air, when it is 
compreſs'd by the whole Atmoſphere, 
to the Space taken up by it, in the afore- 
ſaid Bubbles *. The Diameter of theſe * 429. 
in their aſcending, as we ſaid, becomes 
four times as much; that is, the Bubble 
it ſelf is made ſixty four times greater, 
and ſo the Space taken up by the Air in 
this laſt Caſe, to the Space taken up 
by the Air through the compreſſed 
Weight of the Atmoſphere, is as 2048 
to one. The Air compreſſed by the 
Atmoſphere in a Pump, is eaſily reduced 
to a Space ten times leſs, and ſo the Den- 
ſity of the Air aforeſaid is to the Den- 
ſity of this Air as one to twenty thou- 
ſand four hundred and eighty. By ex- 
tracting the Cubical 'Roots from theſe 
Numbers, we ſee the Diſtances among 
the Centers of the Particles are to one 
another as one to twenty ſeven. . . 
From theſe things we infer, that the 

Aerial Particles are not of the ſame na- 
ture with other Elaſtick Bodies; for all 
the Particles cannot expand themſelves 
twenty ſeven times to all the Parts, "a 

73@] Þ 0 
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Book II. ſo be. increaſed twenty thouſand times, 
WY preſerving the Superficies void of every 


Inequality or Angle: for in every Expan. 
fon, or Compreſſion, the Particles are ea. 
fily moved among themſelves. Seeing that 
alſo the Air may be dilated much more 


than in this Experiment, it follows, that 


the Air conſiſts of Particles not touching one 


another, and repelling themſelves *. We have 


already ſeen ſuch a Propriety of theſe 


Particles to be diſcover'd upon many Oc. 


caſions, and it is ſufficiently manifeſt, 
that this Propriety holds good here: But 
we are altogether ignorant of the Caufe 
of this Force, and it is to be accounted 
as a Law of Nature, as is evident from 


Vat we ſaid between N24, & 5. Lib. . 


ITbe Force, by which theſe Aerial Pari. 
cles mutual ſban owe another, increaſes in 


propottion, in winch the Diſtaner between th. 


Center: if the Particles is leſſen d; that is 
that Force 15. by Inverſion as this di. 


ſtance. To demonſtrate which, let two 


ecmal Cubes A and B, be confider'd, con- 
taxing: uncqual Quantities of Air; let 
the Diftances between the Centers of 


the Particles be as two to one; the 


Numbers of the Particles in the Lines 
ae an h i will be in the fame Propor- 


tian, hut inverted. The Numbers of the 


Particles acting upon the Superficies ag 
and hm, are as ons to four; namely, 
os Squares of the Numbers. of _ 
G4 | t1CIES 


n £1 


— 


2 „ 


leſfen d; whether this Action 
de tefetred only to the near Particles, — 


which all the Particles have, is 


of Pays ons. 
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cles in u el Lines, and as the Cubes Ch. ies? 


of theſe Numbers, viz. as one to eight 
are the Quantities of Air contained in 
the Cubes: ini which Proportion allo are 
the Powers com preſſing” the Kir in the 

Cubes“. The Powers pen equal 
Stperficies dg and hn, ate asthe Powers 
by which the Air is compreſſed #7 they * 
are alſo in a compounded Propd 
the Numbers of Particles actitig 
the Actions of each Phrticle : 'Thetefots 
this compound Proportion is the Pro- 
portion of one to eight. The firſt of 
theſe compound Proportions, as we ſaid; 
is of one to four,” wherefore the ſecond 
is neceſſarily of one to two, which'is the 
inverted Proportion of the Diſtance be- 
tween the Particles. And this Demom 
ration is general, for one and eight de- 
hote any 
Squares of the Cube-Roots, and at 
length one and yo ſignify” the Roots 
themſelves i in erer 

This Demo el proves che Ac- 

tion, "Which the Particles continua 
ſuffer from every Part, to be increaſe 
in the Proportion as the Diſtance be- 
tweeh the Centers of the Particles is 


allo to thoſe that ate more diſtant: 

the fitſt Caſe the Force itſelf repulling 
as the 
Action 


-abes; one and four ſhew the 


duglit to 


429. 
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Action aforementioned, that is, inver- 


tedly, as the Diſtance between the Cen- 
ters of the Particles. 


In the ſecond Caſe, the Force repel 


ling is equal at all Diſtances ; for 

the Action upon each Particle depends 
upon the Number of them in the ſame 
Line; which Number. is by Inverſion, 
as the Diſtance between the Centers of 
the Particles. And then again, the ſame 
Denſity of Air being ſuppoſed, the 
Elaticty of the Air will — the greater, 


where there is the greater Quantity of 


Air, which does not agree with Expe- 
riments ; therefore we ſee that the firſt 
Caſe holds good. 

Te Eflee? tr of the Elafticity of the A5 
are like the Effects of Gravity ; and Air in- 


cloſed acts by its Elaſticity, in the ſame 


manner, as if it was not incloſed with 
its own Weight. 
The Air made beavy by the Weight 


of the whole Atmoſphere, preſſes. do- 


wards all the Parts, by the very nature 
of its own Liquidity ; and it is manifeſt 


that the Force which it exerts, doth not 


any way depend upon its Elaſticity, be- 
cauſe this Elaſticity being laid down 
or taken away, that Force which ariles 
from the Weight of the Atmoſphere, 
and is, equal to it, cannot in the leaſt be 
changed. But ſeeing. that the Air is 


A; it is reduced by the Weight is 
t E 
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the Atmoſphere into ſuch a Space, as Ch. 13. 


the Elaſticity, whereby it reſiſts againſt 
the Weight compreſſing it, equals this 
Weight *. But the Elaſticity; increaſes 
and is diminiſhed according to the di- 
miniſhed or increaſed Diſtance of the 
Particles“. And it matters not, whe- 
ther the Air be detained in a certain 


Space by the Weight of the Atmoſphere, 


or any other way; in both Caſes, it en- 
deavours to expand it ſelf with the ſame 
Force, and preſs towards all the Parts. 


Therefore, if the Air near the Earth be 


incloſed, preſerving the Denſity of it, 
the Preſſure of the Air ineloſed will be 
s much as the Weight of the whole At- 


moſphere, f e ny teins, 
755 EXPERIMENT IVS. 


* 126. 


* 432, 


. The Tube of the Experiment of the Tib.xxvii; 
foregoing Chapter, being immerſed in fis 


Quickſilver, is included in the Glaſs 


DC; fo that the Air preſſing upon the 


Superficies of the Quickſilver contained 
in the Veſſel V, has no Communication 
with the external Air: The Quickſilver 
is ſupported in the Tube, by the Elaſ- 
ticity of the Air, at the ſame Altitude 
as in the open Air. ä 4 


Ihe ſame Conſtitution of the Air re- * 


maining, what we ſaid before always 
holds good ; but this Conſtitution is not 
immurable-: For. the repelling Force of the 
Particles is often increaſed or — , 

„ ali 
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nu is not- changed; Concbrning this 
Change, I will treat in the following 
Book; the Elaſticity of the Air 'iti- 
creaſes by” Heat, and as ddniniſhed by 


Cold. l n | THIN I W My —_ 
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E H A P. XIV. 
dee as ih Pane. 


l E E Elafticity of the Air is th 
Ar dation: of the Conſtruction 
of the Machine, by which Afr 
is drawn ont of a Veſſel. * Tr is called 
an Air-Pamp, which is made ſeveral 
ways. III Alt of them the principal Parr 
18 4 metallick Fottow Cylinder, Gotiſhed 
within; in this the Embolus or Sucker 
is moved, moſt exactly agreeing with 
khe intetnaf Suptrficies of the Cylitde! 
leſt à P = uk be given to the Air 
3 5 ſides. The 'Embolos or Sucker 
Is app teck to the Bottom of rhe Cylin 
hen it is elevated, whereby all Air 
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er, T 
Nena om the Bottom of the Cy- t 
E "If this Cavity has a Commun. i 
cation with any Veſlel, by a Tube in 
the Bottom of the C linder, the Ar 5 
N 
a 


1 m_—_ it ſelf in the Veſſel, and in 
pat 


J 0 . i x a 2 | 
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parte enter the Cylinder; ſo that it has Ch. x 240 
the ſame Denſity in the Cylinder and 


& || bolus: be elevated a ſecond time, the 1 
by Communication: being between the Cy- | y 
inder and the-aforeſaid-Veſſeh;the Den- | 
fity of the Air will be diminiſhed again | 
in the Veſſel; and the Motion of the i 
- || Embolus being repeated, the Air at if 
i length will be. reduced to the leaſt Den- 1 
the ſity in the Veſſel. Notwithſtanding, all ſi 
ion Air can never be exhauſted by this Me- | 
Air thod; for at every time the Air ſo ex- | 
led pands itſelf, that it has the ſame Denſity ' 
rat in the Cylinder as in the Veſſel, in which i 
art therefore ſome Air always remains. ''F 
hed BY All Pumps have what has been ſaid 436. ol | 
ker 'before common, yet they differ in many | | it 
ith reſpects. 1ſt, The Communication be- i 
Jer, | tween the Veſſel to be exhauſted and the t 
Air Cylinder, is {hut and opened divers 1 
ker ways. 2dly, There are ſeveral ways j 
lin-. by. which Air is expelled out of the Cy- 1 
Air linder, when the Embolus is moved to | 
Cy- || the Bottom. 3dly, The Emboli differ 
un. in ſeveral Pumps. athly, The: Scituation 
z in | off the Cylinder is not the fame in all. 
Air 55), At length divers Machines are 
din made uſe of, by which the Embolus is 
pars | - agitated, Two 


Veſſel. Let the Communication be- 
tween the Veſſel and the Cylinder be 
mut up; and the Air ejected out of the 
Cylinder, and the Embolus or Sucker 
be apply d to the Bottom: If the Em- 
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1 Mathanatical Eletnints 


Bob H TO Cylinders are gften;joined-toge-, 


cer, in one of trhich the Embolus- is 


. fehintths oppoſite 


elei/ated;; while it * depreſſed in the 
other. It 92 Log ls v3 n99w9 
Our Pump is here. dad it id 
part, Fig. 3 
{ will not en Deſtription it, onby 
mention ſome Generals; — — 
give 4 particular Explication of all tis 
Parti, upon another Occaſion. This 
'cotififts of two braſs Cylinders 
C,Cp o che Diameter of two 1— 
and of the Altitude of about five Inches, 
In theſe the Suckers are moved, one 
of which. deſcends while the other 
aſcends; which Motion is communica- 
ted to them by the Agitation of the 
Rota qr Wheel R, by the help of the 
Handle M M (Fig g. 2.) which is joined 
to the Axis a. The angular Motion of 
the Wheel is the eighth part of a Circle, 
by which, in 4 leſs Rota or Wheel, is 
produced an angular Motion of 120 De- 
grees;: This leſſer Rota or Wheel is co- 
herent with the third, by help of which 
the Emboli are iately moved: 
the Motion of them is three inches and 
a half. The Conſtruction of the Em- 
boli does not differ much from that 


which is in uſe in England; nevertheleſs | 


in ſome things we believe ours made 


more perfect by Corrections. 
TT The 
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The Veſſels to be exhauſted are put Ch. 14: 
upon the Orb LL; theſe have a Com- * 
munication with the Cylinders, by the 
help of a Tube whoſe Extremity is in D, 
and which in the lower Part- is ſodered 
to the Orb. The Continuation of this 
Tube is ſeen in EE. In it are two _. 
Cocks EE: the Tube (/, 1) is joined to 
the Tube between theſe Cocks, whereby 
the Communication with che Cylinder 
CC 3s given. 

By one of the afbreſaid Cocks che 
Communication is ſhur up, the Air being 
exhauſted between the Veſſel exhauſted 
and the Cylinders; by the other, the Air 
a- Iss admitted afreſh in the Veſſel, and the 
ie Communication is hindered with the 
he Mercurial Gage. 171 TT 

This Mercurial Gage * not cons 438; 
veniently be repreſented in this Figure; 
the Uſe of it is the Determination of the 
Quantity of Air exhauſted out of the 
Veſſel, as alſo of the Quantity remaining 
in it: By it alſo the Capacities of Veſſels 
to be exhauſted are meaſured, which is 
wanted in divers Experiments to be e. 
actly known. Our Gage differs from 
the vulgar in many things. 

la D, a ſmall Cy linder is often by 
| the help of Screws joined to the Orb, 
| whereby the Globe to be exhauſted may 

te apply'd to the Machine. 
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Book II. | 
a Hole, which is cloſed by the Cochlea, 
whereby divers Machines are joined with 
the Orb. 


439. 


the Paſſage of the Air. 


LL, and when Veſſels are covered wit 


Mathematical Elements 
In the middle of the Orb LL there is 


By this Method a Cylindrick Box is [| 
often adapted to the Orb, full of Lea. 
thern Orbs dipt in Wax, thro? the Cen- 


ters of which is drawn a braſs Wire, 


which may be agitated by help of the Wl 
Handle; which Agitation is communi. Wl 
cated in a Place void of Air: The Cover 
has a Screw by which it enters the Box, 
whereby the Leathers are compreſſed, 
that they may the more exactly hinder 


A like Box is often joined to the Co 
ver, which is put upon Veſſels to be ex: 
hauſted, as is ſeen in Fig. 3. Tab. xxviil 
and in Fig. 2. Tab. xxxilt. I 

When Veſſels are put upon the Or. 


Covers, or when Machines are joine 
with their Screws, and in general we 
the Entrance of Air is to be hindreq 
we uſe Wax; which being mixed wid 
Oil and Water, is made as ſoft as can i 
deſired. 
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130 Mathematical Elements | 
Book II. Tn the middle of the Orb LT there is 
a Hole, which is cloſed by the Cochlea, 

whereby divers Machines are Joined with © 
the'Orb. | 
By this Method a Cylindrick Box is i 
often adapted to the Orb, full of Lea- 
thern Orbs dipt in Wax, thro? the Cen- 
ters of which is drawn a braſs Wire, 

Which may be agitated by help of the 
Handle; which Agitation' is communi- 
cated in a Place void of Air: The Cover | 
has a Screw by which it enters the Box, | 
whereby the Leathers are' compreſſed, 
that they may the more exactly hinder 
the Paſſage of the Air. 

A like Box is often joined to the Co- 
ver, which is put upon Veſſels to be ex- 
hauſted, as is ſeen in Fig, 3. Tab. xxviii. 
and in Fig. 2. Tab. xxXiiI.. 

When Veſſels are put upon the Orb 
LL, and when Veſſels are covered with 
Covers, or when Machines are joined 
with their Screws, and in general. when 
the Entrance of Air is to be hindred, 
we uſe Wax ; which being mixed with 


Oil and Water, is made as ſoft as can be 
deſired. 
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, CHAP. Xv. 


Divievs K eperiments concerning the 


Gravity. of Air, and its Ela: 
Harms | 


25 E have ſeen. that Air is heavy ; 1 422; 
it may be weighed as other Bo- 

Sy ö dies, and ſo the Denſity of it 

may be compared with the 

* 3 of other Bodies“. If the ſame 288, 

eitel containing Air be weighed, as al: 

o when the Air is NS the Diffe- 
cnc of the Weights will be the Weight 


er the Air; which Method hath this In- 
convenience, that in a Balance, even the 


—_mot exact, laden with a great Weight, 
be fnaller Differences of the Weights 
cannot be exactly diſcover d: Therefore 
we muſt make uſe of the following Me- 
thod. 
| EXPERIMENT ** 
The Air being exhauſted out of a 442 
Gl. Globe, the Capacity of which is Tab. vit 
> bundred eighty three Cubick Inch · Fis. 2 
. and ſuch a Weight being added to 
5 »% that by its ſpecifick Gravity it may 
not equal the ſpecifick Gravity of Wa- 

| (I 2 | ter, 


„5 


132 Mathematical Elements 
Book II. ter, let the Globe be immerged in the 
| Water, contained in the Veſſel DE, and 
let it be hung by a Thread which is 
* 271, fixed to the Hook of /the Scale of the 
Balance AB, of which above“: Let the 
Balance be elevated, until an Equilibri= 
um be given by the leaſt Weight; if the 
Epiſtomium being opened, tlie Air enter 
the Globe: There will be required to 
reſtore an Equilibrium in the oppoſite 
Scale, the Weight P, of about one hun- 
dred Grains, ſometimes more, ſometimes 
leſs, according to the different Conſti- 
tution of the Air, which in this Part, 
and by the Weight of the Atmoſphere 
being changed, and by Cold 1 t 
rindergoes a Variation. 

Bodies immerged in Liquids, are ſup- 
ported by them, and the -miore. or leſs, 
according to the greater or leſſer bulk of 

* 299. of the Body“; and the Weight loſt by 
the known Denſity of the Liquid 1s de- 

* 297. termined *. By the aforeſaid Experiment 
therefore, is known how mach leſs Bo- 
dies weigh in Air, than in a Vacuum. 

From theſe things alſo we deduce, That 

443. Bodies in an Equilibrinm in the Air, if the 
If nad © Balks of them be unequal , don't weigh 
| equally in a Place void of Air; which is 
3 confirmed by the following Experiment. 
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and this will be turgid. Be; 
We have ſeen that the Force of Ela- 
ſticity is equal to the Weight of the 
| whole Atmoſphere; the Effect of which 
Force is laid before our Eyes in the fel- 
lowing Bxperim ent. 


PHV SIEGER S. 
-: THERME NT.. 
A Piece of Wax c, and a Metallick 
Meight p, are put in the Scales of a Ba- Fig. 3. 
HAlance 4b, and there is given an Equilt 
brium; the Balance is ſuſpended in the 


Glaſs. Receiver, and the Air being ex- 


hhauſted, the Wax preponderates: the 


Bulk of which exceeds the Bulk of the 


Body p, and is more ſupported by the Air, 


when this is admitted in the Receiver, 
by which the Equilibrium is reſtored. 
The Elaſticity of the Air, proved in 
the 13th Chapter, is made more ſenſible 
by the following Experimedt. 
12111 BNPERIMEN T III. b 

Let a Bladder, exactly cloſed, contain 


* 


'a ſmall Quantity of Air; let it be co- 
vered with Glaſs, and the Air drawn 
out, whereby the Preſſion upon the ex- 
ternal Superficies of the Bladder is dimi- 


niſhed ; at the ſame time the Air ſhut 
up in the Bladder will expand it elf, 


SY 


1... BXPERIMENT IV. 
A Bladder exactly cloſed, and not al- 


together filled with Air, is ſhut up in Tab- xi 


Fig. 1. 


the Braſs Box A, the Diameter of which 


(1 3] is 


y 
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134 Mathematical Elements 

Book II. is three Inches and a half; fo that the 
WY.Y Cover, which is of Wood, and does not 
* 271 Al) agree with the Cavity of the 
Pyxis, is ſupported by the Bladder; the 
Leaden Weights Pp are put upon the 
Cover; theſe have a hole in the middle, 
and are paſſed through by the Wooden 
Cylinder E, which coher sto the Cover. 
The Air being exbauſted, the Bladder, 
2s in the foregoing Experiment, is puffed 


up, whereby the Weights are elevated. 


Many Weights are made uſe of, accord- 


ing to the Magnitude of the Glaſs, and 1 
and although the greateſt of them ex- 
ceed ſixty or ſeventy ee x are 


moſt eaſily elevated. 


The Gravity of Air, the 'Prefſure 6f x 
ir, which ariſes from its Gravity as alfo 
Elaſticity, produce ſeveral notable Ef. 


8 
8 


fects; I will ſelect ſome of them, ol 7 


confirm them by Experiments. 
(. EXPERIMENT V. 


446. | A Braſs Cylinder bored through, is Þ 
Tab.xxvil. joined” to the Glaſs Tube A B, open at 
Fig. 3. both Ends, whoſe extremity B immer. 

'ged i in Quick-filver, is joined to the! Hole © 
in the middle of the Orb LE. In the 
Tube eg, ſhut in e, and void of Air, the 
Quick- fler 4s: ſuſtained; as We ſaid be- 
* 422, fore. The Veſſel V, with the Tube, 


is put upon the Orb LL, and covered 


with the Glaſs D C, whereby all Com- 
munication 
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the Cavny- 


ſticity 


the "Quickſilver deſcends; at the mm 


ee Hr SEEKS: 1235 
munication/ is taken away between the Ch. 13 
external Air and the Veſſel V, as àlſo 
of the Tube AB. The Air i 22. * 
in this Tube hinders, by its Elaſticity, + © 
the Quickſilver from aſcending into tha 
Tube, by the Preſſion of external Aif. 

The Air 15 ſnut up in the Receiver DC, 

by its Elaſticity, ſupports the Quick: 
ſilver in the Tube ge. Let the Air be 433. 
exhauſted out of the Veſſel DC; While 

the Denſity of it is diminiſhed, tlie Ela; 

5 of it alſo 'decreaftsi®, and the 430. 
Force is leſs with which the QuickſWver . ; 
is ſupported-in the Tube ge: Therxfate 


id 


time the Preſſure of external Air overs 
comes the Reſiftance' in the Tube A B, 
and the Mercury aſcends into the Fuba 
The Diminution of the Elaſticity in the 


Tube A B, and in the Veſſel B C, is the 


ſame, and the Effect of the Diminüticin 


the ſame in both Caſes: Therefore Mer- 


cury deſcends as much in the Tube e, 
as it aſcends into the Tube AB, Wbich 
agrees. with the Experiment. By this 


Method the Quickſil ver is elevated to 7, 


while the Tube ge remains almoſt en- 
tirely empty. But admitting the Air 
again, the Quickſilver alcends into the 
Tube ge, While it is r 1-0 in the 
Tube A B. 3/4 
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Mathematical Elements 


EXPERIMENT VI. 
Let there be a Pump A, whoſe Snckes 


144 may be applied to the Bottom, let the 


Fig. 4. 


448. 


Tab. xxviii 


Fig. 5. 


449. 


Tab. xxviii 


Fig. 6. 


Tube faſtned to the Pump be immerged 
in Water; let the Sucker be elevated, 
the Water will follow eit: and this will 
fill the hollow Space between: the Bot- 
tom and Sucker of the Pump, which 
ariſes from the Preſſure of external Air. 
From this Reaſon, the Water des. not 
aſcend in a Vacuum. 
- EXPERIMENT VIL 
With the Pump A, which coheres with 
he Cover, whereby the Glaſs to be ex- 
hauſted is covered, let the Glaſs Tube 
(65) be joined, whoſe Extremity c de- 
ſcends below the Superficies of the Wa- 
ter contained. in the Veſſel V; let the 
Embolus be applied to the Bottom of 
the Pump, and the Air exhauſted out of 
the Receiver. If the Embolus be eleva- 
ted, the Water will not aſcend. 
EXPERIMENT VIII. 
The Force by which Air preſſes upon 
Bodies often breaks theſe things, when W 
the Preſſure is not equal on every part. 
The Braſs Cylinder A is covered with a 
plain Glaſs Plate; if the Air be drawn Wl 
out of the Cylinder, the Glaſs; Plate is 
broke to pieces, by the Preſſure of exter- 
nal Air, and is reduced into ſmall Pieces, 
as it were into Duſt, 
34 | EXPE- 
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—_— EXPERIMENT IX. Eo 
Let the Pump A be given, of tlie Di. *; XY 
ameter of one 4 let the Embolus be 2 
oo to.the Bottom of the Pump, and Fis. 1. 
e opening of the Bottom of the Pump 
ſhur up; if the Weight of ten Pounds P 
be joined with the Pump, and the Han- 
de B of the Sucker be ſupported, the d 
50 does not deſcend, for it cannge * ! 
| deſcend, unleſs the Weight exceed 
Preſſure of the Air, and the Attrition- 
the Sucker; but the Preſſure alone ex- 
ceeds ten Pounds. 
EXPERIMENT X. 
In a Place void of Air, the NE > AST, 
ſends by the Weight P alone, whereby ab . 
the Attrition of the Sucker is exceeded. 
D . EXPERIMENT XI. 
mo ſe a more ſenſible Effect of the 452: 
Compreſſion of the Air, when two Seg- Fab. cx. 
ments, H and I, of a Sphere, are CE we 
let the Edges of both be poliſhed, and 
theſe agree between themſelves, and the 


— * 0 k 


them. In the Segment H an Epiſto- 
mium is given, by which the joint Seg- 
Wende are applied to the Air, Pump, and 

which is cloſed upon the Air's, being ex- 
b In the Ring A, the Segments 
nh ſuſpended, and by the help. of the 

Ring Q, Weights are hung to them, 
which, are laid upon the Table T, ſup- 


Ir” l poſing 


4. 
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LY, poling the Diameter of the Segments 
three Inches and a. half, the Weight of 


about an hundred and forty Poynds is 

required, that the Segments _—_ be ſe- 
parated. 

E., Erin . 

— . As 1 in the foregoing Experiment the 

xxx. Segments of a Sphere may be joined, 

A rhe Air exhauſted; if in a Place © 

Ma of Air, they be ſuſpended with the 

ſmall Weight P, whereby the Cohefion 

of the Wax is overpowered, they, are 

ſeparated. In this Experiment, with 

_ the Orb, LL is joined a Box with Lea- © 

2439... thers *, which: Box the Braſs Wi ire EE, 

2 f 0 Which the Weight is . paſſes 

chrough: Left by chance the Glaſs f 

-— _ lower Segment, in which the Ex- 

pPeriment is made, be broken; this Seg-. © 

ment is received by a hollow wooden 

Cylinder M. The Segments in this Fi- 

gure are fuſpended by the Cover of tbe 

Receiver to be exhauſted; they may be 

alſo hung to a Supporter coherent with * 

the Cylinder M. | 5 

Although the Seg ments of a Sphere 5 

be difficultly ſeparared, it is not requi- 

red aaa cbey be void of Air; we ſtand | 

in need of the ſame Force, as in Expe- 

riment XI. to ſeparate them when in- 

cloſed in a Veſlel, the Air being left be- 9 

85877 the Segments in the Sits of - E & 

terna 5 


rr ai aw 4 


. 
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on VS Go 


35 5 


8 
NEE 


to a double Denſity. Which that it 


Aides; the cylindrical Parts are furround- 


Screws f. Such a ſtrict Compreſſian'is 


rf P mY SIC: KS; 485 


ternal * and the Epiſtomium being Ch. 15 
ſhut up, the Air is reduced in tlie Veſſel 


may be confirmed” by Experiment, the 
Deſcription of a Machine is to be pre 
miſed, by which in Air compreſſed, Ex- 
periments are inſtitured. - © > 7 
On the wooden Table 42 af the. o <9; 

Length of about fifteen, and the Breadth pig. te 
of about ten Inches, is laid a Braſs Orb 

N, of the Diameter of five or fix Inches, 

the ſeparate —— of which is given in 

N, Tab. xxix. Fig. 4. This has aunexed 

to it che Cylinder P, which is not bored 
through, and paſſes through the Table 
44. A Glas VV is put to this Orb, of 
the Altitude of about ten Inches; this 
Veſſel is cylindrically terminated on both 


ed with Braſs Rings. | 

A Veſſel is covered with a Boner D, 
the Pillars CS, CS, cohere with the Ta- 
ble 4 4, and paſs'rhrough the Wood de, 
where with the Cover D is cloſely joined 
with the Veſſel, as alſo the Veſſel with >] 
the Orb N, by. means of the Cochlea or 


very necelfary, if both Edges of whe Glaſs 

have been firſt cemented with Wax. 

The ſeparate Figure of the Cover is 

given in D, Tab. xxix. Fig. 4. With this 

eres the Box with Leathers *, 7" * 439. 
ea 


440 Mathematical Elements 
Book II leaſt the wooden piece de be applied to 
two. ſmaller Super ficies. The Cover ts 
ſelf repreſents an open Box. 
The: Braſs Wire perforated C, ale 
through the Box with che Leathers, with 
which coheres the Epiſtomium B. 

455; The Air is compreſſed in the veſſel, 
Tab.zxix. by joining the Pump A B to the. laſt 
| * mentioned Cock; in which there is alſo 

Cock in Which, beſides the uſual 

Hole, there is another oblique one which 
reaches to 7, and by which ſhutting up 
the Communication between the Veſſel 
and the Pump, this is communicated with 
external Air, and filed with Air by ele- 
vating the Sucker. The Communication 
being opened between the Veſſel and the 
Pump, the Air contained in the Pump is 
thruſt into the Veſſel by the Deſcent of 
the Sucker; and by this Operation often 
repeated, the Air at length is redaced 
to the Denſity propoſed. 

| EXPERIMENT XIII. 

456. That the ſpherical Segments may. now 
Tab.xxix. be ſeparated: in compreſſed Air, the Seg- 
Fig 4. ment I, with the Orb N, is joined to che 

Supporter ML, by the help of the Screws 

in M and L. In the ſame manner, by 

the Screws in F and D, the Segment H 
coheres with the String C: The Segments 

are apply'd to one another. As to the 

-.. + reſt, thoſe things which have been ſaid 
Ain the Deſcription of the ns are 

obſer. 
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the Veſſel, that it may have double the 
Denſity of that which it: acquires by the 
Compreſſion of the Atmoſphere. In 3 
the Ring Q is annexed to the Orb N, 
as alſo the Ring A to the Cock P. The 
Machine is inverted, and Q is ſuſpended 


in the Ring. The Table T, upon which Fab 


the Weights are put, is hung to the Ring 
A; and unleſs the Weights avail about a 
hundred and forty Pounds, the Segments 
are not ſeparated. By the Screws X X, 
ſuch as are the three given, we are 
to take care leſt the Table T deſcend 
too much in the Separation of the Seg- 
ments, 
EXPERIMENT XIV. 
To the Orb LL of the Pneumatick 
Machine, let the Tube AB be adapted 
having the Epiſtomium connexed 1n the 
upper part, and joined with the leſſer 
Tube hanging out in ſight above the 
Orb: upon this is put the Glaſs Recei- 
ver R, with which the Tube hanging 
out in ſight is covered. The Extremity 
B, of the Tube A B, is immerged in 
W the Water contained in the Veſſel V; 
and the Receiver R being evacuated, 
the Epiſtomium is opened; the Water 
ruſhes out with a great Force into the 


Which it can be ſupported in a Tube 
void 


1 
obſerved; and the Air is compreſſed in Wm 


Fig. 5. 


1 
Tab. xxx. 
7 Fig. 2. 


Receiver, by the ſame Proportion by 
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Bock II. void of Air, to the Altitude of two and 
thirty foot +. n „ 28s 7 I 


® 423. | „„ 
- 3: BK TEBRIMENT XV.. 


458. © The Elaſticity of the Air produces tile 


Tab. xxx. ſame Effect. Let a Braſs Cylindrick 
Fig. 3. Veſſel V be given, moſt exactly cloſed. 

In the Bottom there is an Opening, 
whereby Water is poured in, and which 


is ſtopt by a Screw; a Tube is ſodered 


to the upper part of the Veſſel, reaching 
almoſt to the bottom of it, and to which 
is joined a Cock, in the Extremity, hang- 
ing out in ſight without the Veſſel, (vid. 
Fig. 4.) By help of the Screw this Veſ- 
ſel is adapted to the inferior part of the 
Orb LL of the Air-Pump, and here is 
alſo given a prominent Tube, which is 
covered by the Recipient R. It the Air 
be drawn out of this Veſſel, and the 
Veſſel V be about two Thirds filled with 
Water, the Epiſtomium being opened, 
the Water will ruſh violently into the 
Recipient, by the Elaſticity of the Air 
contained in the upper part of rhe Veſſel 
V. This Air preſſes upon the Surface of 
the Water in the Tube; the Cock being 
opened, the Preſſure is leſs: Therefore 

the Water enters the Tube. 

EXPERIMENT XVI. 
459: The Water will ruſh out of the Vel- 


2 ſel V moſt violently, in the very open 


Air, if this being filled with Water two 
Thirds, 
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Thirds, the Air be compreſſed in the 
—_— upper, Parts, which is performed by help 
ot the Pump aforementioned *, 
- ExXPERIMENT XVIT .. 
The Glaſs R turned upſide down is 
plunged in the Water contained in the 
Fel V; the Air ſhuts out the Water, 
to whatſoever depth it is immerged: But 
the deeper the Glafs deſcends, to ſo much 
Jeſs Space the Air is reduced in it. 


dation, in which divers deſcend into the 
Sea: Theſe repreſent the Shape of a Bell, 
and deſcend by their own Gravity ; the 


ſelf ; new Air is continually ſent to him 
in Bladders tyed to a Rope, which he 
draws to himſelf: The Air being warms 
ed by Reſpiration, aſcends to the upper 
part of the Engine, and by the Cock in 
that place is expelled, by the Preſſure of 
the Water which preſſes in the lower 
part upon the Air contained in the Bell; 
which Preſſure overpowers the Force 
wherewith the Water endeavours to de- 
ſcend by the Epiſtomium: for the Preſ- 
ſure of Liquids is increaſed with their 
Profundity *. 5 
EXPERIMENT XVIII. 
Little Men made of Glaſs, of the 
height of about one Inch and a half; 


and 


The Engines depend upon this Foun - 


Water does not come at the Diver him- 
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theſe are hollow, and filled with Air, 
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PS, there is a ſmall Hole made in one 
of their Feet. It is alſo required that 
they be 4 little lighter than the Watet. 
They are plunged in the Water con- 
tained in the Veſſel AB: this Veſſel has 
the Altitude of x Foot or 15 Inches, and 
is covered with a Bladder, which is ryed 
firmly to the upper part of the Veſſel, 
leaving a ſmall Quantity of Air between 

the Bladder and the Surface of the 
Water. If the Bladder be compreſſed 

with the Finger, the afore-mentioned 

Air is reduced into a leſs ſpace, and the 
Superficies of the Water is more com- 
preſſed. The Water being more com- 

reſſed, enters the little Men by the 
8 of their Feet, and more compreſſes 

the Air in them. The little Men being 

made more heavy, deſcend towards the 
bottom of the Veſſel, ſooner or flower, 
according to the Magnitude of the Fo- 
ramen, and alſo according to the ſpe. 

_ cifick Gravity of the little Men, agree- 

ing more or leſs with the ſpecifick Gra- 

vity of the Water. The Finger being 
5 away, and the Air leſs compreſſed 

in the little Men expands itſelf, and ex- 

pels the Water, and then they aſcend 

again to the Surface of the Water. 

EXPERIMENT XIX. 8 
4 Animals have need of Air to live: If 2 
Fab . any Animal be ſhut up in the Glaſs V, 
' 3. and the Air be drawn out, it is oo = 
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ly agitated with a violent Motion; and Ch. 15. 
unleſs the Air be ſuddenly admitred WWW 
again, it falls down dead. There are 

ſome Animals, which live longer in a 

Place evacuated of Air. 
EXPERIMENT XX. 
Some Fiſhes alſo cannot live without 464. 
Air; in others ſcarce any Change is ob- Tab. mi., 
ſerved, except that their Eyes are tur- 
gid or puffed up. Experiments to be 

made about Fiſhes are in Glaſs V, which 

is ſet upon the Orb of the Air-Pump; 

and to the Paſſage through which the 5 
Air is drawn out, a Tube is joined, 
reaching almoſt to the upper Part of the 

Glaſs: Water is poured in, the Fiſhes 

are caſt into it, the Glaſs is ſhut up 

with a Cover, and the upper part of the 

Glaſs: is evacuated: Taking away the 
Preſſure of the Air upon the Surface of 

the Water, the Air expands itſelf in the 

Body of the Fiſh; by which it being 

made lighter, cannot deſcend into the 
Water. 


_ ExPERIMENT XXI. 
In compreſſed Air, Experiments are 465. 
made concerning Animals, by the help Tv. * 
of the Machine deſcribed above. In Go 


this Caſe,” Animals don't die ſuddenly, : 


becauſe by the Compreſſion of the Air 
the Veſſels are not broke in their Body; 
but yet if they live longer in ſuch an 
Air, it is kurtful to them, and they alſo 
 S"IK periſh 
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| 467. 
Ta: .xxx11. 
Fig. * 
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Book II. periſh in a ſhort time, in a greater Com- 
E preſſion, to which a metallick Veſſel is 


* 


required. 
ExPERINMENT XXII. 
Moſt Liquids contain Air: when they 
are covered with a Glaſs, and the Air 
is extracted out of it, the Air contained 
in them dilates itſelf, and goes out. In 
that Caſe the Action of the Particles of 
the Liquid is very often changed mu- 


tually among themſelves, and a Fer- 


mentation is made. 
DU00SCOSOSSHISSSOSS 0D 
C H A f. XVE 

The Deſcription of ſeveral En- 
gines, and the Explanation of 
their Effects. 1 

EXPERIMENT I. l 3 

Swe HE Extremity (a) of the curve 


{1 Tube-aS /, is plunged in Water, 
ws whit the Extremity 6 deſcends 


the Tube be evacuated of Air by SuQtion 


468. 


or any other way, the Water will, low 
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below the Surface of the Water. If | 


through 6. This Machine is Called 4 


„ 


Shou. e . 
The Effect of this ariſes from = 


Preſſure of the Air, which drives*th 
Water in the Syphon preſſing upon the 


Surface 
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Surface of the Water contained in the Ch. 16, 
Veſſel/: the Air alſo preſſes upon "the WY. 


Water, paſſing out of the Orifice b, and 
ſupports it. Theſe Preſſures! are; equal, 


and in the upper part of the Syphon act 
contrarily, and there they avail as-much 


as the Weight of the Atmoſphere, the 


Weight of the aqueous Columns being 
taken away, which are ſuſtained: by 
thoſe Preſſures. The aqueous Column 
in the Shank S exceeds the oppoſite 
Column in height; therefore on the fide 
S the Preſſure of the Air is more di- 


miniſhed, and the oppoſite Preſſure over- 
powers this, and the Water flows to- 


wards b. 1 51150 

„ ExernIMENT; IL 54 5c 
The aforeſaid Syphon has this Inconve- | 

nience, that if it fails of its Effect, the g. 

Water does not flow again, unleſs the Tab: xxxi. 

Tube be evacuated of Air de novo. This Fig. 6. ö 

Vice is corredted by making a Syphon N 


of the Figure 4 S b, the Shanks of which 


are equal and incurvated: For if the 


Syphon be filled with Water, and one of 
the Shanks be immerged in the Water, 
that the Water may be above the Ori- 
fice; the Water will flow through the 
other Shank, by the Reaſon given in the 
Explanation of the foregoing Experi- 
ment. When the Shanks are incurva- 
ted, the Syphon is not evacuated, when 
the Flux of the Water ceaſes; and ſo 

| : [K 2] the 


470. 


Tab.xx*ii in àa Receptacle, deperids upon 
— with the porting i-Mf 


Fig. 2. 
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Water flows) and returns through it, ac- 


cording to the greater Altitude in one or 


the other part. 
A Syphon e to raiſe the Water 


the — 


chines. The Effect of this Syp 
made ſenfible by the Help of a Machine 
conſiſting of two Glaſs Globes H and I; 
which are joined to the Tube CDE. 
The Globe I, with the Water to be ele- 
vated, hath a Communication with the 
Tube AB, which reaches almoſt to the 
top of the Globe. In the lower part the 
Tube EG is joined to the Globe H, equal- 


ling the whole Tube AB in Longitude. 


The Globe H is filled with Water by 


the means of a Funnel, and this is ſtopt. 


Among the Machines which are ap- 
ply'd to Uſe, from the Receptacle con- 
raining Water to be convey'd out in any 
manner, this is drawn into the Veſſel H, 


and by the Epiſtomium the Communica- | 


tion between the Veſſel and the rar 


tacle is ſhut up. 
; es III. 


The Epiſtomium G, or Cock, being o- | 


pen d, che Water will flow and aſcend thr6 


the Tube AB into the Veſſel I ; which 


being filled, the Water is drawn in any 


place and the ein of the Engine 
; being 


being otice filled, it is al: 
WYV ways ready to produce its Effect. The 


= | 


gf PHI 81 CNS. 
being, repeated, the Elevation of the O 16. 


Water is continued. 5 
The Epiſtomium G being opened; 


che Air preſſes upon the Water paſſing 


out of the Tube FG: The Air alſo 
preſſes upon the Surlace of the Water 
in the Receptacle, and is ſupported in 
the Tube AB. Theſe Preſſures are 
equal, and the Columns of Water which 
they ſupport being taken away from 
them, they have Powers by which they 
act upon the Air contained in the upper 
Parts of the Veſſels, and in the Tube 
CDE. The Pillar F G, becauſe the 
Altitude of the Water in the Veſſel II 
is ſuperadded to it, it always overpowers 
the Column in the Tube AB; there- 
fore the other Preſſure in G is more di- 
miniſned, and is overpower'd by this, 
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and the Water aſcends through the 


Tube A B, but it deſcends through FG. 
That the Action and Effect of vulgar 


Pumps may be ſet before our eyes, let a 3 


little Pump be made of Glaſs. Let A B, 
a Glaſs Cylinder, be ſix or ſeven Inches 


long, and whoſe Diameter is,,qne Inch 
Jand a half. A Tube, of what, length 
ſoever, CD, is joined to it in the bot- 


tom. The upper Opening of it. is cloſed 


with a Leaden Globe, ſo that the Wa- 


ter cannot deſcend | out of the Cylinder 


AB; but in this it may eaſily aſcend, 


by clevating the Globe which we aſe 


K 3] inſtead 


472. 


/ 


Enn ⁰ A Pc e 
_— — ——_ 
1 —— 0 N + wy 


4 a 
„ 

* 8 

A 


K 


m * 
——— ov * ee 
5 = 4 


* 
— 21 Ae, 
— 


E 


150 
Book II. inftead of a Valve. The Sucker is 
WVV moved in the Cylinder AB, which be- 


473- 


| fills the Capacity of it: There is a Hole 
with the Globe inſtead of a Valve, ſo 


447. 


thirty Foot *. 
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ing ſurrounded with Leather, exaQly 


A , 
So A EE os 

IX . e 
, CS es 


given in the Sucker, which allo is ſtopt | 


that the Water may aſcend by the Suc- 
ker, but cannot deſcend. 
"EXPERIMENT IV. | 
Let the Sucker be moved to the bot- ö 
tom of the Cylinder, and Water poured 
upon it, that the Paſſage of the Air may 
be reſtrained; if the Extremity D of 
the Tube CD be immerged in Water, 
and the Sucker elevated, the Water will } | 
aſcend into the Cylinder AB“; out of | | 
which it cannot deſcend: Wheretore-it] | 
paſſes through the Sucker when it de-| 75 
ſcends. The Embolus or Sucker being | / 
again elevated, the Cylinder is filled | 
with new Water; and it is firſt elevated o 
into the wooden Cylinder E, cohering u 
with the Glaſs Cylinder, out of which] aj 
it flows through the Tube G. ty 
Seeing that the Effects of all the En- J. 


gines deſcribed in this Chapter, do de- pa 


pend upon the Preſſure of the Atmo- 
ſphere, the Water in theſe Machines} 
doth not much aſcend above two and 


There are ſeveral little Fountains gi | 
ven, called Hero's Fontenels ; I will ex- 


plain the Conſtruction of one of them. 


; a8f PH x.84.0-R58; 1 I5I 
Two equal Elliptick Veſſels, A B and Ch. 16. 
© D, exactly cloſed on every fide, are 


made of any Metal. 474. 


Tab. xxxii 


In both of them there is a Separation Fig. 4. 
paſſing through the Center of the Ellipſis, 
and cutting. "the whole Veſſel into two 
equal Parts. 

The Separation Im ni, in the Veſſel 
8 C, is perpendicular to the Axis of the 

Ellpls is; the Separation c f gh of the other 

L is inclined to this Axis. | 

The upper Plate of the Veſſel A B is 
ſurrounded by an elevated Brim. 

Veſſels are joined to four Tubes. The 
firſt, o p, paſſes through the Cavity B, of 
the Veſſel AB, and has no Communica- 
tion with it, and deſcends almoſt to the 
Bottom of the Cavity D. The ſecond, 
{t, is ſoodered to the upper Part of the 
Cavity D, and aſcends to the higheſt Part 
of the Cavity B, but does not touch the 
uppermoſt Plate. The third, qr, reaches 
almoſt from the lower Part of the Cavi- 
ty B, to the Bottom of the Cavity C. 
The fourth, x v, coheres to the upper 
Part of the Cavity C, and reaches almoſt 
to the upper Part of the Cavity A. 

At length there is the Tube 2), which, 
while it paſſes thro the uppermoſt plate 
A B, and is foodered to it, deſcends in 


1 the Cavity A; ſo that the Fee 
i not much diſtant from the Ratfom.; - 
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Book fl. Cocks are Joined to each of the Cavi- 

21 ties, or in them other Apertures are gf- 
ven, which are ſtopt with Skrews; and 

Leather interpoſed : : The principal Ule 
of theſe" is, that the Cavities may be ex 
acthy evacuated, leſt they contract Ruſt 
in the 1 inner Part. | | 
9 UEXpPERTMENT! v. | 
Let Water be poured into the Tube 

575 wherewith the Cavity D is filled; 
and the Water aſcends,” if the 1nfuſion 
be continued through the Tube ſr, and 
deſcends thtongh'qr into the Cavity C, 
Whictr is alſo filled, the Air aſcending 
through & v, and going out through S *. 
Let the Machine be inverted, the Cocks 
of* the Cavities C and D being opened, | 
the Water will defcend' in the Cavities 
B and A. Tlie Epiſtomia's being ſhut 
again, as alſo the Aperture y of the Tube 
2y, let che Machine be elevated, and 
Water poured afreſh into the Tube 0 p, 


be covered” With Water. If now 71 
Aperture ) be opened, the Water will 

raſh on high to almoſt double the Alti- 
tude ot the Whole Machine, and the Mo- | 
tion of the Water will continue, till the 

Stvity C be evacuated. The Altitude | 

of the 'Water ruſhing” out wilt continual 
be diminiſhed,” and in the end there wi 1 


che Veſſels. 


till the higheſt Superficies of the Machine 


hot be double of the Diſtance” between 


The 


Erber 193 

The Effect of this Machine is to be Ch. 7. 

attributed to the Compreſſion of the WWW 
Air in the Veſſels; The Preſſure of the 

| Atmoſphere in o and in), as alſo in the 

| Veſſels themſelves, is equal; and theſe 
Preſſures mutually deſtroy one another, 
wherefore they are not conſidered in the 
Trial of the Machine. In the laſt place, 
when Water is poured into the Tube 
o p, it is ſupported in this by the Preſ- 
ſure of the Air, contained in the Cavity 
ID, and acting upon the Surface of the 
I Water, which is given at a ſmall height 
I in this Cavity ;. which Air therefore is 
I compreſſed by the Weight of the Water 
; | at the Altitude po: We ſpeak of the 
Preſſure, whereby the Preſſure of the 
Atmoſphere is overpower'd. The Air 
in the upper Part of the Cavity B, has 
a Communication through the Tube /t, 
with the Air mentioned, and 1s equally 
compreſſed, and acts with the ſame 
Force upon the Surface of the Water in 
this Cavity. This Preſſure is to be ſu- 
peradded to the Preſſure. from the Alti- 
tude of the Water, that we may have 
the Force whereby the Air is compreſ- 
ſed in the Cavity C, as alſo in the upper 
Part of the Cavity A, becauſe of the 
Communication through the Tube x v. 
The Preſſure therefore upon the Surtace 
of the Water in this Cavity A, is as 
» much as an aqueous Column, whole 

| Altitude 
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Book II. Altitude is almoſt double the Height of 
the whole Machine, and therefore it 
ruſhes out as if it was preſſed by ſuch 
a Column; that is, it aſcends to the Al- 
titude not much different from the Alti- 
358. tude of this Column *. 

The Altitude is continually dimi- 
niſhed, for the aqueous Columns which 
compreſs the Air, are continually dimi- 
niſhed, becauſe the Water aſcends in 
the Cavities C and D, and the Altitude 
of it is diminiſhed in the Cavity B. At 
the ſame time alſo the Cavity A is con- 
tinually evacuated, and the Water aſ- 
cends through a greater Space before it 
comes to), and therefore it is driven to 
a leſs Altitude above q. 


. 
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CHAP x 


Concerning the Undulatory Mo- 
tion of the Air; where, of Sound. 


F the Air be agitated in any 
manner, the Particles moved re- 
cede out of their place, and 

reduce the next into a leſs Space; and F! 

the Air, while it is dilated in one place, 

is compreſſed in the next, The Air 
compreſſed does not only return to its 
priſtine 
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priſtine Eftate, by the Reſtitution of Ch. 17. 
the Elater, but is itſelf alſo dilated www 


-from the Motion acquired by the Par- 
ticles. 

By this Motion the Air firſt dilated i is 
reſtored to its firſt State, and the Air is 
compreſſed towards other Parts. This 
again obtains, while the Air compreſled 
in the laſt Place expands itſelf, whereb 
a Compreſſion of the Air is produced e 
from any Agitation a- 
riſes a Motion analogous with the Motion of 
ace of the Water ; it 402. 
has the ſame Name, and Air compreſſed 
with the tollowing Air dilated,' is called 


0V0. 


a Wave in the 


Therefore 


a Wave of Air *. 


Air compreſſed is always dilated eve- 
ry Way, or on every Side, and the Motion 
of Wares is the Motion of a Sphere ex- 
Panding itſelf, in the ſame manner as in 
the Superficies of the Water, the Waves 
are moved in a Circle *. 


While a Wave is moved in he Air, 
do here ver it paſſes, the Particles are re- 
from their Place, and return to it; 


and they run thro the ſhorteſt Space in 25 
ing and coming. 


moved 


* 


405. 


That the Laws of this Motion may Tab. xxxiii. 


Line; 


0 


be made manifeſt, let us conceive the 
Particles to be diſpoſed at equal 

Diftances in a right Line, a h c d, &c. 
let the Wave be moved through t 


156 


Book II. Line; but let us ſuppoſe that to have 
come between and 


479: 


484. 


the near Particles; and therefore the 


| Mathemati cal Elements 


. that the Air 18 
dilated between hᷣ and but to be com- 
preſſed between and b, as all theſe 
things are repreſented in Line 12. 

T he greateſt Denſuy is given in m, in th 
midgle Place letween h and p, and the 
gregteſt Dilation 1 5 and. # He i in the 
. & 


CS + EE a » 


is — this Motion 


alone, —— an every Acquired: Mar 


tion, is to be examinet. 
Between b and d, a Motion is given 


from b.tawards e, that: i conſpiring with - 


the Motion of the Ware ; which is aljo the 
ſame between m and p. 
But the Morion iS, contrary 1 e 
and ms and is directed from m towards e. 
In m and e, where the Directions. of 
the Motion are changed, there is 10 
Actian given from Elaſticity; becauſe 
the next Particles are placed among 
themſelves at equal Diſtances. f 
In the Places b, h, and p- there is the 
greateſt. Difference of. the; Diſtances of 


greateſt Action of, Elaſticity. 
From theſe Things we infer, that a 
particle, according to the different Si- 
tuation 


+5. foP'n x 810K": 157 
tuation of it in a Wave, ſuffers a diffe- Ch. 17. 
rent Action from the Elaſticity; where- 
by the Motion of it is generated, acce- 
lera ted, diminiſhed, or deſtroyed: there- 
fore the Direction of the Motion of the 
particle cannot be determined, from the 
ſole Direction of the Action mentioned, 
and it does not always agree with this 
Direction, and the Motion of all the 
Particles is changed every moment. 

All the Particles between 6 and p are 
transferred, according to the Order of 
ſitthe Letters. The Particles between 
Ib and p continue their Motion according 
Ito this Direction, the others between 
and 6 return towards 6, as ſhall be 
ſpoken of in the following Diſcourſe. 
© Theſe perſevere in their Motion, by 
I vhich they return back, until by the 
- Jaction of the Elater, whoſe Direction 
t Is changed in the Point e, the Motion 
0 facquired de nov is deſtroyed: in which 
e Falſe the Particle, as ö, returns to its 
7 Reſt and former Situation. In a mo- 
miment following, the Particle c reſts in 
% fits priſtine Situation, but pdraws near 
ft Ito q, as in Line 2; and ſucceſſively in 
e ſequal moments the Wave will obtain all 485. 
Ihe Situations which are here ſeen in 
4 the. Lines 1, 2, 3, &c 13. and while the 
i- Wave comes from the Situation in 
Mn Line , to the Situation in Line 13, it 
runs 


158 
Book II. runs over its whole Latitude. The Par- | ** 
ticle p in this Motion comes and goes, 


486. 


481. 


— | 


be deſcribed : this Body returns b 
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and rhe Motion of it is ſenſible in this] 
Figure. And as it is clearly manifeſt 
this Particle paſſes ſucceſſively through 
all the Situations of the Particles in the 
Wave. Every one of the Particles are 
agitated ſucceſſively with the like Mo- 
The Motion of any Particle, as p, in its|9" 
coming and going, is analogous with the vi. 
bratory Motion of a Pendulum; while it dit 
performs two Oſcillations, that is, once By 
goes and returns. A Pendulum deſcends 
in the Oſcillation, and the Motion ac- Sit 
quired conſpires with the Action 0 
Gravity, and is accelerated by it, tillſä8 
it is come. to the loweſt Point of theſto 
Arch to be deſcribed ; that is, to theſ n. 
middle of the Way to be run over: the 
by this acquired Motion it goes on, cha 
which is deſtroyed by the Action of {trc 
Gravity, whoſe Direction is changedſtꝰ 
in this Point, while the Body aſcend anc 
through the other part of the Arch, tc = 
L 

the fame Laws of Motion, 0 
The Particle p is moved by Elaſticity] 
and the Motion is accelerated by thi doe 
Action of the Elaſticity, until it * come the 
to the Site of the Particle w in Line iI. I 


which Site is {cen in Line 4. in whiciſtlor 
the 


aCc- 
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the Particle p takes up the middle Point Ch. 17. 
of the Space to be run through in its 


Paſſage to and again, By the Motion 
acquired, tho the Elaſticity act contra- 
rily *, it perſeveres in Motion, till the 
whole Motion is deſtroyed by the 
Action of it; which is done by running 
over a Space equal to that in which ir 
was produced: then a Particle is 
given, in the Situation in which it is 
ſeen in Line 7. which anſwers with the 
Situation of the Particle h in Line x. 
By Elaſticity then the Particle returns 
and is accelerated till it obtains * the 
Site of the Particle e, as in Line 10; 
that is, till as in Line 4, it is placed 
again in the middle Point of the Way 
to 

nues in its Return, till by the Action of 
the Elater, whoſe Direction is again 
changed, * the whole Motion be de- 
ſtroyed; and then the Particle returns 


Ito its priſtine Situation, as in Line 13, 


and there it reſts, when it is not agi- 
tated by a new Action. Therefore nem 


tremulous Body ceaſing, by which the Air is 
agitated; and the Number of Waves 


does not differ from the Number of 


the Agitations of that Body. 
If in a Pendulum, after two Vibra- 
tions, the Action of Gravity did ceaſe, 
| 28 


be paſſed over. The Particle conti- 


* 


* 


482. 


482. 


* 433. 


Points 6, V, and 
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Book II. as in Air; after the Egreſs and Regreſs 
of a Particle, the Action of Elaſticity 


upon this Particle ceaſes ; the Motion of 
the airy Particle would agree with the 
Motion of the Body in all Points. In 
the middle Point of the Arch to be paſſed 
over by. Oſcillation, , there is no Action 
of Gravity given, and the Direction of 
this is changed. In the middle Point 


of the Space, from the Particle p, to be 


paſſed over backwards and for Wards, 
in Which it is given in Line 4, & 10, 
the Site of this Particle agrees With the 
Site of the Particles m and e in Line 1; 
in which Points there is given no 
Action of Elaſticity, and the Direction 
of this is changed *. In a Pendulum 
the more an olcillated Body is diſtant 
from the loweſt Point or the Middle 


of the Arch to be deſcribed, the more 


the Force of Gravity acts upon it; 


the more alſo the Particle p 1s diſtant 
from the middle of the Space to be 


paſſed through, the greater is the 
Action of Elalticity upon it. And in 
Lines 1, 7, & x3, the Particle is moſt 
diſtant from the Point mentioned; 
and the Site of this agrees with the 
p, in Line 1; in which 
the Aion of Elaſticity 18 the Ae 


44. of all. 
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* By which Law this Action of Elaſ- Ch. 0. 
5 {| ticity, whenithe Diſtance augmented from 
„ {| the oſten mention d middle Point in- 
creaſes, is determin d by the Law itſelf 
1e of the Elaſticity of the Air; whoſe. Par- 
ticles {hun - one another, with the Force 
which is invertedly as the Diſtance be- 
of | fweenthe Centers of the Particles; and ½ 2. 
It 18 demonſtrated, that the Action of 
be | Elaſticity upon the Particles, as p is in- 
Ic creaſed or diminiſh d, according. to the 
' | Diſtance from the middle Point of the 


he Space to be paſſed over; and lo in this par- = 

1 | ticular there is an Analogy” given between 156. | 
ng the Motion of the Particle, and the Motion 
on Jof a Body oſcillated in a CycloidQ. xx 

oak It the Latitude of a Wave remaining, AY 
ant the Particles run out through a greater, A 
dle Space, the greater will be the Compreſ- a 
ore | ſion and Dilatation of the Air inthe Wave, Y 
it; and the greater the Action of Elaſticity: ; | 


and, indeed, in the ſame proportion, the 
be | greater in which the Space run over by: 
the | egreſs and regreſs is increaſed; and tlie 
in Motion of the Particle, as p, in this 
joſt Cale, differs from the Motion in the 
ed; | foregoing Cale, as the unequal Oſcillations 
the] of equal Pendulums differ, which are per- 156. 
ich | formed with equal times; and here that 
reſt will hold good. The Particle therefore, 
as p, if the Latitude of the Wave re- 
main, comes and goes in the ſame time, 
By through whatever Space it is carried out 
1 of 
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489. 
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Book II. of its Place; that is, the Wave runs 
through its own Latitude in the ſame 


time; and therefore all equal Waves, 
whether the Air be agitated more or leſs, 
avs vequully ift. 6 
Nou let unequal Waves be examin'd, 
let thele beas A to B, and let the Spaces 
ran over by the Particles, by egreſs and 
regreſs in the Motion of every one of 
them, be in the fame proportion; in this 
Caſe their Compreſſions and Dilatations 
are equal in their reſpective Places; their 
Actions therefore, by Elaſticity, don't 
differ in the reſpective Diſtances, from 


the middle Points of the Spaces to be 
paſſed over by the Particles in their going 


and returning. Therefore, theſe Motions 
are analogous with the Motions of to Pen- 


ditdums, the Longitudes whereof are as 


A and B, and which run out like an Arch; 
for in the reſpective Points of theſe 
Arches or Bows, the Action of Gravity 
is the ſame. To | 
In Pendulums the Action of Gravity 
increaſes with the augmented Quantity 
of Matter; and whateyer this Quantity 
be, the Motion is equally ſwift, ſo 
long as the Gravity itſelf is not changed; 
the Action of Elaſticity, on the contrary, 
in the Motion of Waves, is determin'd, 
and it depends upon the Diſtance between 
the Particles; and the Velocity, which, 


490. the Elaſticity remaining, is produc'd by 


it, 


„ Of 1060 TT a mutt K oc = 


— OA of 


© 


k \ : . Lo 7-7 . * Nenn 
2 IL 9 W 2 * = 4 . or ITS 
JJ os 51 8 Dal TR n 
5 . g by oo l „ . 
* 4 * 9 0 TY - 1 3 892 | fy Sx 
= YE II IT L ba * 


4 * RH 45 2 I F Yona Rs! 8 = - . = =; $4 
7 1 > = DO EY CE LS 1 G e OE ET OPER n 
5 — * Pp - is $44 „ 5 ON 4 — 8 * LACY TT FTI. FR 
e o 1 * 2 MS MITT r 1 
1 N o r y n WAN 1 Ne ONE TEEINE 8 . R BESS _ 
3 ; : , 7 Md 


of. PHT SICK. 163 


it, is by Inverſion, as the Quantity of the Ch. 10. 
Matter to be moved. In the mention'd * 
L Wares, the Quantities of the Matter ate 
F as the Latitudes of the Waves A and B, 
| and the Velocities produc'd by Elaſticity, 
: are therefore in their reſpective Points as 
5 B to A. | Theſe Motions therefore are 
1 Analogous with the Motions of the Pen- 
1 dulums running out like a Bow, an# 
O moved by divers Powers of Gravity "which 
s | are vetoeenithemſelves, as B to A: For in 
r { the reſpective Points of the like Arches, 


> & Wwe 


't | the Velocities ariſing from divers Gravi- 
n ties are as the Gravities themſelves 
e That the Motion of the Waves may 


g now be compar'd with the Motion of 

1 | Pendulums; Pendulums differing in 

;- {| length are to be confider'd, and "upon 

„ {| which divers Powers of Gravity act: we 89. 

have ſeen what theſe Cauſes ſeverally 190. 

ſe may N in the Dutation of their 

y Vibrations. Both are to be joined to- 58. 
gether here. and the Squares of the times 165. 

ty af the Oſcillations of the Pendulums, the 

y | Motions whercof are Analagous with the 

ty | Motion of the mentioned Waves, are as 

ſo | the Longitudes A B, and invertedly as 489. 

|; the Gravities B and A, that is again di- 7158. 

y, | rectly as A and B; the ſettled Reaſon of * 490. 

d, | which Proportions is the Ratio of the *165. 

: Squares of the Quantities A and B; there- 

h, | fore, the very times of their Oſcillations 

y | areas A and B; and in this fame Propor- 

it, CE LT. tion, 
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tion, the times in vhich the Particles paſs 


and repaſs in their Waves, that is, the 


Waves run over their Latitudes, which 
are as A to B; which times therefore are 
as the Spaces run over by the Waves, and 
therefore Motions equally ſwift. The 
Space being changed, through which the 


Particles go and return, the Velocity of 


the Waves does not vary; wherefore, the 
Proportion which we laid down for a De- 
monſtration between the Spaces, to be 
run oyer by the Particles, in going and re- 


turning, may be neglected, and the Pro- 


oſition will be generally true, that the 


 Warves, whether equal, or hot ſoc ver un- 


491. 


192. 


equal, are moved with the ſame Velocity. 


fi This Rule takes place, if the Conſti- 


tut ion of the Air is not chang'd; but the 
Elaſticity remaining, the Denſity of the Air 


3 often varied. And the Elaſticity may be 


changed ; the Denſity remaining; and at 
laft they are both together very often ob- 
noxious to Mutation. 13 


In the firſt Caſe, ſuppoſing the Waves 


equal, as alſo the Spaces through which 
the Particles go and come, the Velocities 
from Elaſticity, which is always the ſame, 
are invertedly as their Denſities. * But 
this Variation of the Velocity anſwers in 
the Motion of equal Pendulums, to the 
Variation of its Gravity, in which Caſe 
the Squares of the Velocities of their 
Vibrations are as the Gravities. them- 
95S; 1 lelves * 


of Par yS1CKs. 165 
ſelves, * and in Waves the Squares of theſe Ch. 10. 
Ceerities | are invertedh) as the Denfitiec. A 


The H. ypotheſis concerning the Equality 
of* Waves and Spaces run over by the 
Particles, does not diminiſh the Univerſa- 


: lity of the "Demonſtration. * 


W ben the Denſity remains, but the Elaſti= * 
city is  thicng'd, the” Velocity ariſing from 
this, varies in the ſame proportion with 
itſelf ; wherefore, from the Demonſtration 
of the foregoing Propoſition in this Caſe, 
the Squares 77 the Velocities of the Wave are 
a5 the Degrees of Elaſticity. 


If both Elaſticity and Den ity differ; T5 


ares, of the Velocity of the Waves will 
be in the COP. Proportion of direct 
Elaſticity and inverted Denſit . 
If Derſity and Elaſticity increaſe or be di- 
mimiſh'a in the ſame Proportion, the inver- 
ted Ratio of Denſity will deſtroy the di- 
rect one of Elaſticity, and the Vlrih of 
the Wares ill not be changed. 0 
This laſt Caſe is extant in the Compreſ- 
ſion of the Air: Therefore, jrom the 
chang'd Altitude of the Column” of Mer 
ettry, which; "by the Preſſure of the Atmo- 
ſphere 15 ſupported in a Tube. evacuated of 
Air; * which Weight, whereby the Air 
is compreſs d near the Earth, ſhows it to 
be chang'd, e ought not to judge the Velo- 
city of the Waves changed. From the 
{ame Proportion, Waves are mov'd with? 
an equal Velocity on the Top of a Mountain 
1 and 


"488. 
491. 
793. 


494. 


493. 
492. 
42]: 
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Book II. and in a Valley, unleſs a Change made in 
the Elaſticity itſelf “ by Cold, being al- 


2 
j 
U 
c 
5 
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#34 moſt always more intenſe on the Top of 
2. Mountain, by which the. Waves are 
*.9z, moved flower, 
| *.98. It is alſo manifeſt, * that Waves are 
| 434. moved faſter in Summer than in Minter. 
| 499. The Celerity of Wayes is compared with 
the Velocity of a Body acquir'd in falling, 
M determining, from the known Altitude 
of Mercury, which weighs equally with 
*.22. the preſſure of the Atmoſphere, * as alſo 
*142. With the Denlity * of Air, The Altitude 
of the Atmoſphere, ſuppoſing this to be every 
where. of the ſame Denſity with the Air 
near the Earth; the Velocity of the Wares 
Will be that which a Body can acquire by 
falling from half this Altitude. Wi hich Ve- 
1770 locity, fram what has been ſaid, is eaſily 
178. diſcover'd by the Experirsents made con- 
cerning Pendulums, 
If the Weight by which the Air is 
Hep reſs d be diminiſh'd, the Air expands 
429. in the ſame proportion; and ſup- 
the Atmoſphere every where of 
mu ing th Denlity, the Altitude of it 
does not vary; which agrees with that 
Which we have ſaid, that the Velocity of 
the Waves is the ſame in the various 
196. Compreſſions of Air . E 
The Motion of the Air. of which we 
22” tteat in this Computation, ariſes from 


cam alone; TR: rr 1 22 
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would be exact, if the Particles them- Ch. 10. 
ſelves had not à ſenſible Proportion at 


the Interſtices among themſelves; but if 
we ſuppoſe a ſenſible Proportion to be 
granted here, the Motion of the Waves 
will be ſwikter ; for it 15. propagated 
through ſolid Bodies in an inſtant, which 
allo ought to be refer d to Heterogeneous 
Corpulcles ſwimming in the Air. 

Ihe Motion of Waves in the Air pro- 
duces Sound ; of which before we treat, 

a few things are to, be premiſed in gene- 
5 concerning Senſations. 

The Vinculum of the Mind and the 
Body is ſo ſtrict and cloſe, that ſome Mo- 
tions in this do, as it were, cohere with 
certain Ideas in that, and cannot be ſepa- 
rated. From the Motion of the Body, new 
Ideas are excited in the Mind every Mo- 
ment, and ſuch are the Ideas of all ſen- 
ſible Things: Nevertheleſs we perceive 
nothing common between the Motion in 


the Body and the Idea in the Mind. The 


Connexion which is here given eſcapes 
our Perception, neither do we ſee any 


poſſible to be. There are innumerable 


things latent, in the Univerſality of them, 
which we cannot 0 much as reach by 
Ideas: ects 
The Undulatory Motion "of the. Air 
agitates the Tympanum of the Ear, 
whereby Motion is communicated to the 
Air . in this Organ; which being 
EE tranſlated 


\ 


501. 
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Book II. tranſlated into the auditory: Nerve, ex- 


YI 


504. 


Tab. 


XXX1!1+ 


Fig. 2, 


* 
440. 


- AY 


cites an Idea of Sound in the Mind. 

The Structure of the Ear is wotlder- 
ful, both internal and external; but we 
treat of the Motion of Air: It is prov'd 
by reimen that this '3s the Vehicle ” 
7 6850 

EA FM Ne, F. 2 

To a leaden Otb O adhere the Cylin- 
ders C Cof the ſame Metal; the leſſer 
Bell A is joined to the braſs Wire hd; 
it is faſtned to the Cylinder C C, with 
Lingels. The Orb O is ſet upon a braſs 
Plate of the Pneumatick Engine, putting 
between them a Pillow of the Cotton of 
Silk- worms; the Bell A, with the Orb and 


Cylinders, are covered with Glaſs. This is 


cloſed by a Cover cohering with a Pyxis, 


which the moveable Braſs Wire DE 


paſſes through; the Plate ef * is joined to 
the Wire, ſo that by the Circumvolu- 
tion of the Wire the Bell A may be agi- 
tated. Let the 'Air be exhauſted out of 
the mention'd Glaſs, and the Bell be agi- 
tated as we ſaid, the' Sound is not heard. 
By one only Cireumvolution of the Wire 
D E, the Bell goes and comes by various 
Changes in its Motion, and of this Mo- 
tion we treat, in which the Plate e f does 
not touch the Wire Y d. By the Air being 
let in, the Sound is heard as before. 
From that alone, becauſe the Air is the 
Vehicle of Sound, and becauſe without 
the 


Md. wo A ws a6 ad an. Id an 44d at: 8 
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the Tranſiitiord of Air, the — nibh) d Ch. 10. 


by it, it plainly follows, that there is an 
undulatory Motion of the Air given in 
Sound, — that Sound ariſes from the tre- 
antelous Motion of Bodies, This is alſo 


Id 


Yo 


beyond all Doubt in Chords or Nerves 


extended, from which Sound is drawn 
by their tremulous Agitations. In grea- 
ter Bells, and in many other Bodies, this 


tremulous Motion is very ſenſible ; it is 


viſible in a Glaſs Bell giving Sound, wy 
the following Experiment. Lbs 
 "EXPERTMENT 2. 

A Glaſs Bell C C is 4 — with 
White Lime Plaiſter, or Mortar, to a 
wooden Cochlea, by help of which the 
Bell is cloſely: join d with the Wood AB: 
This is ſupported with two Columns S8, 
and made firm with Screws. A Nail ſur- 
rounded by the Cochlea paſſes thro 
one of theſe Columns to the Altitude of 
the Lip of the Bell; fo that by turning 
this round, the Extremity of it may be 
made firm at any Diſtance from the Lip 
of the Bell: Suppoſing this ſmall Diſtance, 
It the Bell be rung, it will fall by various 
Changes in its tremulous Motion upon 
the Extremity of the Nail. 

From thele things we deduce, that a 
Body ſtrucꝶ ar any time; grves a Sound after 
the Stroke. The Fibre agitated at any 
time continues the Vibrations 1515 Elaſti- 
city.“ 5 


We 
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Book II. We very oſten ſee by Experiment x, 
that a Body gives a Sound, altho' the Air 
agitated by it has no Communication 
with external Air: From whence. it fol- 
lows, that the Fibres of which Bodies con- 
ſiſt are moved by the Agitation of. the Air, 
which Motion is NR into the exter- 
nal Air. 

This Tranſlation os a by the tre- 
mulous Motion of the Fibres is very re- 
markable; and it will be made manifeſt by 
one only Experiment how far the Commu- 
nication of this Motion extends it ſelf. 

Tab. EXPERIMENT 3. 

Fe. 2, This differs with Experiment 1, in that 
alone, that inſtead of a Leaden Machine 
COC, a Bell is tied with Ropes: to the 
Hxtemities of the Braſs Plate, inflexed 
like a double Gnomon, which coheres 
with the Pneumatick Pump, by the 
Means of a Cochlea. As to the reſt, the 
Air being evacuated, the Bell is agitated 
in the ſame manner plainly as in Experi- 
ment 1, and very little Difference is per- 
ceived between the Sounds, by admitting 
or exbauſting the Air. 

A tremulous Motion of the Parts of 2 
Bell is communicated to the Brais Wire 
d, whereby the Ropes with which the 
Bell is hung are mov'd, and the Motion 
transferred to the Braſs. Plate inflexed. 

The Cochlea whereby this is join'd with 

the brazen Orb of the Air-Machine, 

touches 


507. 
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touches this Orb, and communicates a Ch. 10. 
—_— Motion to it, whereby the Ai. 


agitated, and the Sound of: the Bell is 
A ry 

The Velocity of Sound. js the ſame with 
the Celerity of Waves which ſtrike the Ear, 
and thoſe things which have been aid 


concerning the Celerity of -theſe, ought 


to be refer'd hither. About u. 499, we 
muſt obſerve that the Velocity of Sound 
can in no wiſe be determined by Compu- 
tation; for the Proportion is unknown be- 
tween the Diameters of the Particles, and 
the Interſtices among them: Alſo it is not 


manifeſt how great a Space heterogeneous 


Particles take up in the Air. The Velo- 


city of Sound is immediately dilcover'd 


by Experiment. 
Let a Fire be lighted in the Night, 
joined with a crackling Noiſe, let a Spec- 


tator be givenat any Diſtance, being mea- 


ſured before, from this Fire; who with a 
ſhorter Pendulum may meaſure the Time 
beween the Light ſeen, and the Sound 
heard, whereby the Celerity of the Sound 
is given; for che Motion ot Light is mo- 
mentary, at leaſt in the Space in which 
this Experiment may be made. $ 
Buy ſuch an Experiment in France, it 
was found out that a Sound run over a 
Thouſand and Eighty Gallic, Feet in the 


PP of the Time of one Second of 3 
Minute; 


505. 


491, 
492, 
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| Book II. Minute but this Celerity is not con- 
N = N ſtant. * $015! 
| 498. „ If at the ſame Time in which tHe Velo- 
city of the Sound is determined by this 
Method, the two Experiments f before- 
| mention d be made, the Motion of the 
| Sound may be diſcover'd by the Elaſticity 
| 442. of the Air; and by comparing this with 
499. the immediately meide Velocity, an 
Acceleration of the Sound will be given 
from the Groſsneſs of the Particles and he- 
terogeneous Matter. 
1 Te V elocity of a Send 2 equable; " 77 in 
1% à greater Space it is ſometimes accevated 
; +491. or retaraea f from a different Degree of 
| 493. Elaſticity in divers Places, in which a dif 
1 434. ferent Degree of Heat or Cold is given,“ 
The Celerty of a Sound does not ſenſibly 
313, warybythe Wind conſpiring with its Motion, 
or blowing againſt it. A certain Quaritity 
of Air is carried by the Wind from Place 
to Place, the Sound is accelerated as lon 
as ĩt is moy d thro' that Part of the Air.” 1 
the Direction of the Sbund be the ſame 
with the Direction of the Wind: But 
when the Sound is mov'd moſt ſwiftly, it 
runs thro the Air, agitated by the ind, 
in a very ſhort Time, and the Attelets2 
tion does not continue long, which as to 
the feſt is not very great; for the Velo- 
city of the moſt violent Wind, whereby 
Trees are eradicated and Houſes over- 
thrown. 
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thrown, bears itſelf to the Veldcity of a Chao 


Sound, as about One to Thirty-three. By "MY" 


the ſame Argument it is ptoy d that no 


ſenſible Retardation is given by the Wind 
in the Motion of a Sound. 1 | rw big 
The Space run over by the particles in 
ing and returning may be increas d or 
diminiſh'd by the Wind; therefore a Sound 
beard at a greater or ſs Difiance, accord- 
ing to the Direction of the Mind. 
The Intenſeneſs of a Sound deperidl 
upon the Strokes of Air upon the Audi- 
tory Nerve, and theſe are as. Quantities of 
Motion 1 in the Air. 

From vyhence it follows, (Cettris Pa- 
rib) that. the Intenſeneſs of à Sound is as 
the Space run over * the Particles in going 
and returning. 

Other things remaining; ; If the Weight 
by which the Air is compreſſed be chang'd, 
the Celerity does not vary, * but the Den- 
ſity is changed in the ſame Proportion 
with the Weight. f Therefore the reſt 
being in Projuriie, the Intenſeneſs of the 
Sound is as the Weight wherewith the Air is 
made heavy * ; that is, this Intenſeneſs in- 
creaſes and is diminiſh'd, as the Column 


of Mercury which is in an Equilibrium with 


the Weight of the Atmoſphere. DEB 
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| EXPERIMENT * c 
Let the Bell A be agitated in Ait 
compreſſed, altogether in the ſame man- 
ner as in a Vacuum, in Experiment 1, the 
Sound will be increas d; which will be 
again diminiſh'd, if upon opening — 
Epiſtomium the Air be reſtor'd to its eum 
When in Air Mildes and en 
there is a greater Intenſeneſs of Sound, the 
Fibres alſo of which the Glaſs VV con- 
fiſts are more agitated, and a greater A- 
gitation is communicated to the re 
Air. f 
If other things remain u they 2 lad 
the Elaſticity be increaſed, the Denſity: is 
diminith'd in the ſame Proportion with 
the increaſed Elaſticity : * But the Cele- 
rity. increaſes as the Square Root of Bla- 
ſticity. F The Intenſeneſt of a Sound is di- 
realy 2 the Square: Root of the Elaſuctty, 
and invertedly as the : Elaſticity it ſelf.“ 
But the Compound Ratio from thele 


is the inverted: one of the "ane" BY 


Square Root of Elaſticity. Therefore the 
Intenſeneſs of a Sound is diminiſh'd 


while the Velocity of it is increas d; and 
in Samer (Cæteris Paribus) the Inteuſe- 
neſs of a Sound is leſs than in Winter. Ne- 
vertheleſs, in Summer Bodies do more eaſi- 
ly tranſmit a Sound, becauſe the Parts of 


them cohere leſs ſtrictly, as ſhall be 1 
| O 
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of in its time, and they more u ac- Ch. 10. 

ere a tremulous Motion. — 
| "EXPERIMENT 5. Tab. 
Let the Bell A be ſulpended in a Glass, 1 


and let the Air have, the Epiſtomium be- 


ing open d, a Communication in the Glaſs 
with external Air. Let the Glaſs be agi- 
tated, and the Diſtance determined, to 
which'the Sound may be heard. The Glaſs 
being made hot, and the Experiment re- 
peated, the Sound will be heard to 4 
greater Diſtance. 1 

The Intenſeneſs of a Sound in. 1. Generel 1 388 
10 be conſider d in the compound Ratio of a 
Space run over by the Particles in their going 
and returning, of a Weight compreſſing the 515, 
Air,* and at laſt of the inverted Ratio of the * 516, 
Square Root of the Elaſticity. * 32:13 *527 

There is a. Difference allo given in __ 
Sound from the Number vf the Vibra- -- 
tions of a Body making a Sound, that is, 
from the Number of Waves produc d 
in the Air at a certain Time; for accord- 
ing to the different Number of the Strokes 

in the Ear, there is a different Senſation 
given in the Mind. 

Muſical Tone depends upon this Num- 
ber of Vibrations, which Tone is ſaid to | 
be the more Acute, by how: much more —_ 
frequent the Recourſes are in the Air; but 
the more Crrave, by how much leſs Num- 
ber of Waves there are; and the Degrees of 
the Acumen or Sharpneſs of divers Sounds are 

among 
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Bod II. among themſelves as the Numbers of Wares, 
GYY which are given at.the\ſawe time in the Aix. 


523; 
m_ 


F 257. 


5255 
526. 


528. 


529. 


530. 


531. 


A Tone does not depend upon the Intenſe- 
neſs H u Som; and the Chord agituied 


_ grves the ſame Sonnd; « tuhet her it Zots and 


returns thro! a græuten or a leſs Space ; ci 
Harmonien ariſe ſrom the 1 
weer wi Motion im the Air, which af- 
feet the. Auditory Nerve at the ſame time; 
- Tf co tremulous Bodies pertorm;theit 
Vibrations in equal Times, no Difference 


is given between the Tones; and this 


Harmony, the wü of all,: is cal 
led An Ueiſ . * 
If the Vibrations be 8 0 to tuo babe 


Harmony is call'd. an Octava, or a Diapaſon. 
Suppoſiug the Vibrations as two to 


| three, that Is, if the ſecond: Vibration of 
one Body always concur with the third of 


another; the Harmony Is called: a Quintu, 


or a Diapente. E. 10 250.3 
The Vibratiolis, whict ats as three to 


four, give a Harmony, which is called 


0407 a, or a Diateſſar. 
t is called a Ditonns, if the Recour: 
ſes of the Air be as four to ſi ye. 

And a S2ſquiditouny-is called a Hurmo- 
m, from the Concourſe of the fifth Vibra- 
tion of one Body with the ſixth of another. 

The Harmontes, from the Agitations of 
the Chords or Strings; if they be of the 
{ame Kind, are eaſily detetmin'd/by» the 
known Dimenſions of them, as allo. by 
Tenſion. Il Ceteris 
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:» CA DERIS PARIEBUS, if the Longi- Ch 
tudes uf tino Sirings,be as the Numbers of the > 


Recouuſes in Harmony, ' this. ir given among 
the Sounllt auhich the Strings mal. 


be ſame thing obtains, C T ERI& 


P ARIBUS, if thetthawi: the: forefard 
Proportion of the Diameter (ont 97 
Alo, C TE NIA RAR IBU if ibe 
Proportion of the Vibrations in Harmony be gi 
Ven that is between the Square Roof nbe 
Tenſumude vi W An dt ns 
And generally, ſu ng any Chord of 
the: ſame ind, if the Cam Ratio p om 
the direct one of Longitudłn and Diametts, 
and the, inverted one afeſthe Stare Rats 
of the Teuſioni, be the Ratiu umong the Num- 
bers ofthe: Vahrations\ performed: at: the .{arue 
Tame; in um Harmony whantaever; this 


gften by the Agitation of tbe Stringi. lib 
Alltheſe Things we E entOonfirmchby 


Experiments among tlie uſicidasto 

have blond d condermg theſe Strings a vo- 
Ty notable Phænomenon the various Ehah- 
. xplainidzot 
Lat a Strings einde bt gien ur- 


forming d beirn iutionn as equal tim zockt 


ur be:agftuted, ani th uber will ib 
vod. Allnetie Wapest ofo Air from ve 


tremtilqus Motion of that String, dl 


upumiabio and give voryitlittld Motian 
toi it igithe String, from navei dio little n 


\Shationgy goes and returns by! noatious 


'Changes, hand id S/ by: the Stehe 
-06 ches bender IWubebnrhile tlie Jdoand 
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Book II. comes near to it-whoſe Motion conſpites 
Vo with the Motion of the String;” and acce- 
lexates it: What is ſaid of the ſecond 
Wave, ought. alſo to be refer d to the 
Fan ay the Acceleration will be 

given till the Motions of both — 

are almoſt equal. 

537 From the ſame Demonſtration it fol- 
Jows; that a Chord agitated, communi- 
chte Motion to anot ber, "which performs two 
or three ors: while the or Mer ts once 
wibrated, | POUR eee 
But if the String ſhaken rexfoems divers 
Niantatgn while the Chord to be moved 
by the Air can perform only one, it will 
follow from the foregoing Demonſtra- 
tion, that a peculiar Motion is to be com- 
municated to it. Which, that it may be 
diſcover d, we muſt obſerve that the Du- 
ration of the V ibration and the :Longi- | 
tude of the Chord are reciprocated; fo | 4 
that, CMTERIS PARTBUS, the | 4; 
determinate Longitade can no way be | 4 
ſeparated from the changed Duration of x 
the Vibration. If therefore any Chord gi 
be ſtruck by various Strokes, by which 
Motion is communicated e the 
Strokes be more frequent than are agree- ar; 
able to the Length of the Cord ; Part of de 

itz che Bength of which is convenient to 
the time of the communicated Vibration, fle 
-will- only be agitated, and an undolatory ter 
Motion, as it were, will be communicated in 
to N — and the Longitude of the || Ef 
1 Waves ter 


£ 
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Wares in the Chord will depend upon the Ch. 25 


Duration of the Vibration communicated, 


that i is, upon the time between the Strokes. 

Let two Chords be given, one of which 
ic twice vibrated while the other is once, and 
let that be agitated; the Duration of the 
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W> 


538. 


Vibrations, which by the Motion of the 


Air are communicated to this String, is 
agreeable to the Chord of half the Length 
of it; * and ſuch is the Longitude of the 
Waves in This itſelf. Therefore from the 
Motion communicated, the String is divided 
into two equal Parte, and the middle Point is 
quieſcent. This is confirmed by an Expe- 


259. 


riment in joining a Piece of Paper to the _ 


Chord by which Motion is communicated: 
But if it be put in the middle Point, it is 


quieſcent; in every other Plaqe 1018 1 — 
ted with a tremulous Motion. 


f the Chord agitated, that: be may 

be moved by its Motion, perform three V. —. 
trons, while the Chord to be moved tis once vi- 
brated, it will be divided by the Motion com- 
aumecated into three Parts, and there will be 


given ta Pointt of Reſt, which is confirm'd 


by Experiment in the ſame manner, Other 


Changes of Motion communicated, which 


are obſerved by the Mulicians; are ealily 
deduc d from what has been ſaid. 

What has been ſaid concerning the Re- 
fe&ion and InfleQion of Waves in the Wa- 
ter, ma be refer d to the Reflection of em 


in the Air, the Elaſticity exerting the ſame 
Effect in this Caſe with the Preſſure of Wa- 


From 


ter elevated in that. 


539. 


47. 


10 Mathematical Elimnts. 


Dobel. Bom abe Neflelfinn io uDHaund often 
niert re 


on of u H —— 
— ang * mel y 4 tn the __ 

ave, Expan itle 2 Sphere, fall 
upon various 1 ſo — they 
concur Reflexed, tlie: ſtronger there is the 
Motionof the Air and the Sound is Heard: 
In various hung tbe ſume Sound ir often 
repeuiell, from the vabidus ! Parts! of the 
ſame Wave being refle ed at var iousi Di 
ſtances; and whereof ſome concur ſucceſ- 
ſwely in the fame Place. Such a Repetition 
alſo: 5 ſometimes rs from a re peared 


Reflection; 9. nin et 2 if} L y {IWP 
{Þ oo dw Gd rb Sn i it 8 by Reflers 
tion! The moſt perfect ̊igure of all, which 


can ben Renbb. 6 ſuch urHubg is that of 


Pavabolaj hee ling about a Lins Parallel 


to the Axis catotheeDiltamce? of : 4:fourth 
Part of an Inch. For Anyone would 
— Fake „by putting his Mourh 
in theo Axis oſi the aach; und in the 
Forusof the Palla, tie Waves: are. fo 
reflexed} that: all th Purts of tiiem rev 
quireaoMotion patzitelito\the Avis of the 
Madhinogmherew.chotairteafithe Wart 
4nd lo aheiSoundoofrittid\ractrancre+z 
ſod. Phe Extremity of the! Babe, through 
which thei Sound paſſes, lis infletedatror 
the Forrriofit _ 26} nad e511 164 
1 
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